
Materials under extreme conditions 


~ ... ... 
\)l=f'la" n"H\UJ\'ITlflU1 a U• 

'" ~ 24 nJJn1YUUi 2553• 



Materials under extreme conditions 


tf ... "" 
v~,~ \I n"HlUJ VI Tl'I'H./1 ,w
• 

"" tf24 n3JO,V4Uil 2553• 



un ""nJ~u'i'Vi11~ fh1 LL~l-bn,"l~til"'~n1t11f1l"'nl'l~1,"LL1\1 , .... " 
m1Yl~~ th'lmJYJ~mfL~ tl~mntmJ~11JLL~:;~mr@;'lJ tlJl~~ t~ [Jnl1LU~ [JmLu~Ji1

• 
LLlhmJ tl rn'VI~ ~ 1111 ~'/l'fll-"l.L~LLri tl rn'VI n ij LL~ :;m13J i'-1.LU'-1.~ ~'-1.h'lJ tlJ ltn1 Yl [Jll111 ~,/l'f'l1 n , , " 

~:'I ....J , 1 " ....J • I.J • I 
'VI ~1 [J ~1'lJl1 "1i13Jl Lu'-1.L 1 ~1 '-1.1 '-1.LL~ 1 'lJ rn:;Yl m 1Yl ~ ~ tlJ~1 '-1. 'VI ru 3JJ L'-1. '-1. Yl n11L u ~ [J '-1.LLu ~J" , 
tl rn'VI n ij L U '-1. i 1 LL U1 ~1 rlru Lrt tl J ';) 1 n L Yl fI t '-1. t ~ ~1'-1. n 11f11lJ fI 3..1 tl rn'VI n ij it~ n 111-nJ 1 '-1. tl cil J 
, \I'" " \I 

nl1J'lJ11J tl cilJhri m 3..1 1'-1.1:; [J :;~lJU ~ ~1 '-1.3..11 m1Yl ~ ~ tlJ mJ ~1 '-1.m13J i'-1.~ n11~~ '-1.1LU 

tl cilJ11~ L11t~[J LU~l:;tlcilJ dJm1~mnU1l nlJm1rnmJYJ~mf~m'-1.:;'lJ tlJ LL-nJm[J 1~~m1:; 
m13J i'-1.~J m [J 1~~m1 :;m13J i'-1.~J ~~ n ~ m1LU~ [J'-1.LLU ~J ~m'-1.:;LL~:;tmJ~11J~J ~ ~ ~ 

" " 
t'/1[JmJC1l tl ~3JlJ1imJm [Jm~ LL~:;mJ LfI~'lJtlJ ~~ n m1~mntmJ~11JmJ ~~n1Yl [J1'lJtlJl~~, 
m [J hr~m1:;m13Ji'-1.~J~J LU'-1.m:;lJ1'-1.m1~lrlru 1l'-1.';):;1l1LU~m13J L 'lYl hYJ ~mf'lJ tlJl~~ 

\I ~ \I , 

m[Jhr~m1:;m13Ji'-1.~J L'li'-1. m1LU~ [J'-1.LLU~J'lJtlJtmJ~11JLLnlJ~~JJ1'-1.LL~:;m1,)~L1[JJi1
" 

'lJ tlJ ~ L~nmtl'-1.1'-1.~1 ilJ,r'-1.C1l1J ')ll'-1.L U'-1.~ ~ LrttlJ 3J1,;)lnm13Ji'-1. m1~nlY1tmJ ~11J LL~:;m1 
LU ~ [J '-1.LL U ~ J ~3JU@;nl [J 1 ilfl113J i'-1.~J itL3,j L lii [J J LLC1l L U '-1. ~ ~'-1.1 ';) 1 '-1.1J nl1YJ ~n ff LLC1l £JJ L U '-1. 

" 
J1'-1.1')[J'VI ~n ~1'lJ1'V1 rtJ'lJ tlJ Jl '-1.1,)[J Yll J ~1 '-1.1i1 rn1 Yl [J1 LL~:; 1i1 rn YJ ~n ff t m J n111,)[J it 

iltlJm1~11J11mi1'-1.Jl'-1.1,)[JmJ~1'-1.m13Ji'-1.~J1'-1.U1:;LYlIIILYl [J t~ [J3,jJ L,x'-1.~ m111l LYl fit '-1.t~ ~ .. " , 
... .r.. t ... t d ....1 _ ... .r ':'1 ' .....

'YI1Jm'-1.'-1.3..11 III n lYl mJ ~11J'lJ tlJ ~'VI:; LL~:;~11nJm].l,1 LL~'-1.Jl'-1.1,;) [J'-1.LLlJJ Lu'-1.~tlJ ~1'-1. 'VI ~ n fI tl 

1'-1.~1'-1.'lJ tlJtmJm1Yl~~ tlJ LL~:;~1'-1.~l'ilm1~nlYlt~ [J1-nm1,hm rnL -nJYlr]lYlj ~1'V11lJ1'-1.~1'-1. 
t. #II .... ..K 0 .... 

"lJtlJm1Yl~~tlJ'-1.'-1.,;):;3Jm1~~m Diamond Anvil Cell (DAC) 'lJ'-1.LL~:;Yl1m1~~m1:;lJlJm1 

1~m13Ji'-1.t~ [J LYlflii.f1mJLL~J L~ 3..1 L@;3J t~ [J1i~13J11nl'il m1~11J ~n11:;m13J ~'-1.~J~1'V11lJ 
" 

ffl1i1tl cilJ LL~:;~m1LnlJ"lrtl3J~~ ~nl1:;m13J~'-1.~Jn1[J1'-1.itlJU iiu@;m1L~1'-1.'lJ rn:;L~[J1n'-1.n 
" " ;oJ 

l'hm1m1~nlYl1 '-1.L -nJfh m rn'YI1JYl r]lYlj LL~:;11 [JJ1'-1.uulJii1~1l1L~'-1.tlm13Jri11'V1 ,xl1'-1.m11'h 

&... to t 
1';)[JYlJ~tlJ mJm1 

tmJ m11,)[Jm [J lilLL~'-1.Jl'-1.1,)[JlfJ ~tlJtmJm1~13J11mh L ii. '-1.m1L~m 3..1 LU1'V13Jl [J 

l'-1.u LL1n t~[J1 '-1.tmJ m11,)[Jh'VI:;LL~:;~11~Ji1111n1[J1Gi'~nl1:;1'-1.LL1J,r'-1.m,)[JL~~lL ii.'-1.m1 , " 
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~ 

Ln~ml1.1111.1n Ellun11Y11i-;lEJIluuni-;lEJ,;}ln Cavendish Laboratory m-niYlEJ1~EJ 

Cambridge lh::LYl~~V111"lfEll rnl-;lm hlEJL ~m.h::L~Un11finl!tl,;}lnL~ 1.I~i_l LihL1L~ EI 
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tI.~L'L~rtf111j11 8VO tl.tL'L~U~11J'CLWrt!~L~ tl.L.!m~ 8VO tl.tru~L~rtGU::1j1t1.t~1'~~11 ~~j11 

tI.~ reLt~~~t~::~11l'L~ Gt~1L~rt~Lfl~\;!~j1LlA['f~~tb'! ~1L'~ rt.1To t ::(!~U j1fl ~ll'~tI.~re Lt~tl.Lt:1l'~ 

'" '" l'L~ Ut~fl t~re ~1~t re ~1 U1l::(!~p1JT.M1l'L~~::1l'L~L'G f1.::~11 L'L~ ~ t~1L~rt~ rGre t1ptI.~ re Lt~ 

"'. '" re ~,l'G f1.tI.t fl LLt!W (!UrtU ll::(!tI.~reLt~~~t~~uj11l ~l 1'~1tI..!ltl.~ L~Ll'-1l'G~1'~1JT.M1 L,!l ~~U
. . .. 

1LUIl ~~~LlA::W 111LreL~tI.~reLwre ~11LU tI.~rtU::1j1rtfl;S1L,!l ~tt1~~1JT.M1L'L~~::1L'~l'Ltt~11 

1\ "''' J\
1tl.Q1~t::~b'!ltl.t:111::L(!11LUfl ~ltl.~L'L!~Ull L'~tI.~reLt~re~1L'~f1.tI.tL'~(!11rtUll::(!L'L~ ~ t~1L~~~ 

.. "'r' r
tl.rtI.~tI.~ ~~1tI.Ll'LlA1LUU~~::b'!11t1.L~tI.~~~l'L~rtf111j11~ UlA~11 tI.~~ l'L~~~1LU~n~lAm~tl.LL' 

'" . 1To t 1LUrt~re~::Lre ~1J'C Lt~~~t~ ~1~nJT.fl L~V1.::~11f1f11' j11fl Lb'! V1.UL~V1. 8VO ~tl.Lt(!(!I: 

.. l'lI:!t\~rcL(.~l4)' BLlILfWlo\.t.LU OM1 lIa:> I!AU" PUOW2!O 
", ~ " fi; p 

l'O~~U..t.LUl'LU.B&(..t.LUt\tll:::.t.U Z u.u.1l 't)'=:7 f=" 

~ 

http:BLlILfWlo\.t.LU
http:L'~f1.tI
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nl1J DAC LLlJlJdL~)Jl1 El El nLLlJlJ )J1L~Ell~1inlJ ~~nL~V1LL~ El ~lJL1nm)J Iilm1n'll1)Jl1H'lJ1i 
1 "~ .r t d VI~ ..I .r
"linlJm1'Yl~fl ElJm1Lfl V1 LlJU ~V~fln ~J L~ b~ V'Yl1JLL~1Um1Lfl V1LlJWlJ ElJ Debye-Scherrer 

Iil)Jl1nn nmT~')lJLIilL~hJ1J1'h 1 i Iil)Jl1n~mnfl11)J L U ULdEl L~ [J1 n ULLfl::m1,) ~ L1£JJ~1'lJ ElJ 
'II 

~~n (Orientation) Llilt~[Jlu~u~2 LLIi~Jmfl~~'lJElJLLfl::~1UU1::nEllJ~lJ')'lJElJ M-B DAC 

16mm 

_I 

~ 
2 I 

.,..1 t" t t ~ ,..IJu'Yl2 LLIi~J mJIi11J'lJElJ M-B DAC ~£J'Yl (1) mJmfln (2) LL~Uberyllium (3) 1JLm1U 

h~:: (4) LY-l"li1 (~ln Merrill LLfl:: Bassett (1974)) [10] 

- ~ I I d oICII r:: .d .J .... 
LY-l"li1n n~ ~~J tl VlJULL~U beryll ium (Be) '1l'J)J fI11)J LL'lJJ LL1,'1 LY-l VJY-l tl'Yl~::1ElJ1lJ LL1Jn~ 

'II 'II 

LLfl::iifl11)J tU1J LLIiJ nlJ ~lWi'J ~LEl n'lf El thJL1nm)J beryllium ~ fI11 ~ LUUvh!tIiJl'h1~L3J 
'II 

Iil)Jl1n1Ju1UL~1uitlJU 1iu~m1i1LU LL~uberylliumd~-ritlJmJn fllJ~~Liu~lU~U£Jn fllJ 
'II ~ 'II 

l.h::mrn 0.8 ijfl~ L)JmL~ Ellililm1nYilm11~'Yl1JLLIiJnlJ~1tl~lJLvl LLfl::L~ tllim11~fI11~ 
~ut~ tIL 'Ylfliiflm1L1tlJ LLIiJ'lJ El.Jl1lJl1 ~lilm1nm::YilLIil~lu-riElJdL-riunu LL~uberyllium d,ylJ 

r\rtJnn~~~~ElcinlJ~1tmJm~n ~1uan,ylJ~rtJnn~~')lJt~£Jl1tl~lil~~1L~ Ellim111J~11U 
'II 'II 'II 

Lm11::UllJ'lJ ElJ~1~ltl'lJ El.JLY-l"li1Iilm1nU1lJ LU~ uu~hLml-iJLIil tl cilJL1nm)J1 U M-B DAC d 

n1111J~11uLLm1::vllJ'lJ tl" LY-l"li1L3Jlilm1nU1lJLU~ vULIil m11i11JtmJL~~n1WffU~ElULL1n 
~J~l LUUvltlJ~hitJnJ,yEldLL~::Yil m1')~ LL~J1~lmJ ~ fI11 m1VlJ)Jln~ Ii~ IitlJ~1U'lJ tl.J M-B, 
DAcdnnrh~u~1i11.J~1tl cilJn n~ElJ1um1LfI~ ElUL,yl~lnut~v LoJj )Jlil)J elU~';1 VfI1lJfI)J 1 i 
'11'11' 

nl1LfI~ tlUL,yl~l nu~ fI11)J f1J~11ULm11::~lJ L~)J El m1L~ )JfI11 )J~uii ~1)Jl1nm::YilL~l~v 
n111ii4El~lil)J~1~ tl ~~!J ~ ~1)J)J)J'lJ ElJ~1 tmJL~ ~nlum1~;n~u~1t'1~~'lJ tlJ L Y-l"li11iLfI~ tlU 

'II' , 

~1L,yl~lnu M-B DAC d~)J)J'lJ1Eltln'lJElJtflum1L~[J1LlJU 50° ~JYil1i~1)Jl1nYilm1 
~ .r t 

, 
.. '" 8 VI ".. .., ~ .. ..I

'il11~~lJ1JLm1Um1Lfl£J1LlJU ~£J~fln~J~1tl)J)J 2 L~nJ 50° ~1tl~1~1lJ~flnL~W1~1)Jl1n, 
ri1LlilnJ 100° ~1~1lJmrl~~LY-l"li1'lJUl~ 600 L~mElU fI11~~U~J~~~1'V11lJLfI~ElJ~Eld~::Elci 

'II , 'II 

~U1::)Jlrn 15-18 GPa LLfl::~lWrlJ~ltl~~LY-l"li1'lJUl~L~nfl.J)JlanfitlU1::)Jlrn 300 L)JmtlU 

'" ,..I., ..I.,..1 ".t 1"
fl11)J~U~J~~~::tl£J'Ylu1"::)Jlrn 35 GPa 1u'Yl3 LL~~J M-B DAC'Ylnn~11J'lJU "liLElJ 

\I" 'U \J \I 

·, ~ .... "~..I,, ~ "1 '" ..11""mv1Uu1::L 'Ylm1 )J'YlJm1"L~ £J1~Ul~~LY-l"li1'Yl~ ElJEll~£Jml)JLL)JU£Jl U1::~lJ~JmnLY-l tl ~~Ul 
'II 

IYl"li1'lJUlUnm::UllJ 001 )Jln~~~L~ Elli~1)Jl1n1lJ LL1J n~LIil)Jlnn-hm1L~ V1LLlJlJL3J~ m1, 
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U.J ..J ... .¥..01 1~ U .d 1'" ... ~ 
1 1'13 LL~~h'l M-B DACl'lfln~11\1"lJll.L'VHl "lfLll. 1::Ll'l1"l 'i!\I "lfL~"lf1"lJll.l~'I'Ill.1GWI 
~ ~ 

300 L1.IfI1t111. 

n11U,11\1LL'I'I111. (Gasket) 3J11"111ll.DACUiiml1.1~1~tytlcil\11.11n1ll.U1::i@i1"l1~G,.fn11 
~ .t ~. 1 ... .J 

~~ll.l"lJtI\I DAC l\1LLVl111.11.1t1\11lJn11Yl1\1111."lJtI\I DAC ll.'I'IfllEJ ')'I'Ill.l1'1 u1::n11LL1n1\1LLVl111. 
J" ...,J::I I ~ - ..,... I _ ... - d d.... - ~0 I 

ll.1'11'1'111.11'1 LlJ ll."lftl\l LnlJ m tI EJl\1 L11::'1'111\1 ~1 '1'1 ll.1 ~~"lJ tI\I L ~"lf1L~ tlm)::~11 \lfl111.1 ~ ll.~\I"lJll. 
~ 

111 EJ 1Wlftl\lU LLfl::ll.tI mn mrll.LL~1111 EJ Uti n ~1 'I'I,xl i~"lJ tI\I L ~"lf1dLL~ll.lfl'l'l::~U,l m 1 ir111\1 

.t , U.¥ f'1 ... "" '" ~ ..01..1 - ~ \'I ... ..01
LLVl1 ll. W;)::n tI1 "lJ ll.LlJll. 1 \I fl tI:IJ1t1lJ"lJ tllJ L ~"lf1L '1'11.1 tIL"lJ 1.I"lJ ~ L~ tll'l,;)::L~11.1 LL 1\1 ~ll. L~ L~ tI ~ EJ\I"lJ tllJ 

~ , 
L~"lf1L11i ~11.111f11'1ll.1Ii tlml1.1ill.~\1LVll~ EJL1! LL~ n'lfn 111'1'11 nU11 1"1,;)1 n n11~ EJ\I UL~"lfn:: 

~ , 
LL~n'lfn~fI111.1ill.Ul11.nfll\1Li'itl\l,;)lniim\lil11.n11LU~ EJll.LLUfl\llf11\1~fl\1L1! L~ EJ\I~ tI 1~ EJUn~ 

... .t... '1 a.J", U \'I .d.y •
LLfl11\1LL'I'I111.11.,;)::~11\1,;)lnLL~ll. fl'l'l::LL"lJ\l1'l1.lfl111.1'1'111.1 1::mru. 250 L1.IfI1t111. 'i!\lfln"l3J11'1l 

'1"'''' "" ... \'I 1..J 
~ 

.t_ 1n11n~1~EJ DAC ntiu '1'11.IfI111.1'1'111.1L'I'IfltIL~EJ\I 40 -50 L1.IfI1t111. ~EJ1'l1t1lJ ')1t1EJn~ll.~1 fl'l'l:: 

n';)::iin11r1 tli1 Lilll.1\1"1i1\1 Li11.1'1'1,xli~"lJ tI\I L ~"lf1i\l1U~ 4 '1'1 ;\I,;)ln~ll.LL~l LL~ll.lfl'l'l::Un,;)::f1n 

• y \'I U ..01 1'" f'1 ..11' ~ '1..01 ... 
~ 

\'1 •.1.':1 1 ..... ... , 
~ 

"1 L L,;)1::1L~tI "lfLlJll.l'l ~~1t1EJ1\1 ~EJLfI1t1\1L,;)l::mEJ LYH"ll (Micro-EDM) 'I'Im"lJll.1~L~ll.~l11. 
~ ~ 

l"Ill.rJnfll\1U1::3J1 ru. 50-200 L1.IfI1t111. 1~ EJLfl~tI\lL,;)1::UnL~flJn11~~ll.1;rll.LtI\l1ll.U1::L 1'll"lL l'lEJ 
~ 

1~ EJl11 n11~~ll.111i tI L~mln Lfl~U\l~L~flJn11t1 tlnLLlJlJ LLfl::1i\ll11.1 ll. i u\lU ~lJ1i n111 i EJYJ~na 
~1111::111.LL1\11J1tl.ltl.n11 5tJ ih1i~11.111m,;)1::1\1 LL'I'I111.L~tI cil\1LL1!ll.[hLLfl::ii1t1 EJLL~nfl1~ ~1• 
"lJ tllJ ~111.1 ll.,xu EJ 1.11 n ~\ll111i nl1L,;)1::d~11.111t1'YllL~111 EJ 1~n~u\l';) fl1'l111"1U l111 iii fl111.1• 

I 0 ... I d. a d ... 0.... I U J..J 
LL1.Ill.EJ1~\lLl'lEJlJLYl1LfI1u\l1.ltl11mLL~\ll'l~tI\lll.1L"lJl,;)lnm\l 1::Ll'l1"l 1] l'l 5 LL~~\lLL~ll.111~"lJtI\I 

..01 
~ 

.d. 1 ~ ~, - 1 ... \'1 •.1.':1" 

~ 

... ..01 - U ..
LfI1t1\1 L,;)1::'i!\l1'l1\1111. ~ EJ til 1"1 EJn11n~mull."lJ u\l ~1 fl'l'l::m EJ L YH"ll1'1fl::ll.u EJL1.I tlLn~n11~ l1fl 

l111iii u ru.'I'Ill ii ~\lmnLLfl::lfl'l'l::1t1lJ ')lJ1L 1 ru.~ll.di~n11fl::fll EJn11LLfl::f1 n~~~l tI tinLU,;)ln 
., ".". 1.1 

lJ1L 1 ru.~ll.Yifl::,xu EJ'Yll1i1~ L,;)1::iiml1.1 L1EJlJ LLfl::L1!iin11LL~nfl1"lJ u\lel1lfl'l'l::1 ll. 1::ilJu::~ u1.l 

.d .~ 1'" ..1\'1 ... 
~ 

.... \'I ... ,..I l' ~ 
'i!\I';)::Tll 'I'll \I LL'I'I1ll.l'l L~~lm1t11'1ll.LL1\1nVlVltl. L~~\ln111l'lL,;)1:: ~EJ~1111."lJll.1V1,;)11i111.1m 

~ ~ 

1J1nn11 20 GPa 

http:EJ~1111."lJll.1V1,;)11i111.1m
http:1111::111.LL
http:LLfl::ll.tI
mailto:ll.U1::i@i1"l1~G,.fn11
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o I ..J • t ..J~ ..." ... t ~... ..J
1u1'l4 LL~~h'LL~1.4 ~~::l'l L~1lJn11n~LL~1 ~£JL~'l51'lJ1.41~ 300 L;JfI1tl1.4 ('lI'lEJ) LL~:: 1-1LL'VI11.41'1 
\I 

Li1lJ n11L,n::t~ EJ LfI~tl-1 L,n::i1 EJ LyJvh LL~::11-1lJ1.4~h~ lt11il~ L~'l51LL~1 ('lJ11) 

Sample hold r 
with loY tl'(lnsla tion stage 

nsiti ·t y I I.un 
Read accuracy :5 101m TOPVlEW 

~=~D 
~----~~----~~----~~rr------~ 

I
AC C10, J.lF 

250V 

L-----~r~r---~--------------~ 

~::;:lOOl n 

..J d ..J .f d 1~
1Ul'l 5 LL~~-1LL~1.4lll'VHfI1tl-1L,;)l:: Micro-EDM (1J1.4) LL~::1-1,;)11'1tltlnLL1JlJ'lJ1.4L~tl 'l5L1.4n11 
\I 

http:JL~'l51'lJ1.41
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LfI~tl.ml1:: Micro-EDM dijfl11lJLL3JU~11Un11L~1::~>13.J1n1~£J~1lJTlmhnTml1::~>1 
'\I 

•• ..1" \'I!'f" - \'1._ \'I d..l",.r
lJUmLLVlU>1'Y1<i1tl>1n11 L~ L~£JlJ1::£J::m1~<ill'I~1~ LlJLnU 5 LlJfI1tlU LfI1tl>1't'll'l~U1'lJUUtln~1n 

~::H1U>11UL~1::1>1LLVl1U (gasket) LL~lV>1LinmbLl.Jh'1un11L~1:: pinhole 'lJU1~L~nLL~::>11U 
'\I 

~~tl>1n11f111lJ LL3Juih ~>1lJ1 LL~1~1U1UVI ~1 £J.:BU>11U 
'\I 

• I ..I d ..1\'1 "", '" .r 1" if '" - ::: ...1" • I - .......
1u't'l 6 Lfl1tl>1L~1:: Micro-EDM 't'l L~11m11l'1~U1'lJU "lfU~:: ~~lJU~~~>1tl£J't'lVltl>1unlJ~m1 
'\I , '\I :.r 

i~£Jw~mf~1)11::1ULL1>1 mfll"lf1w~n~ flru::i'Y1£J1t'l1~~f ~vn~>1mmlJVl1i'Y1£J1t£J, , 

d a J"'q .... 0 .... o.d ........ 

LlJ tl Lm £J lJ1>1 LL Vl1UUL~1~ LL~l LL~::U11>1 LL Vl1 Un~lJ lJ111 >1lJ um LL VI U>1 n>1 n ~1 >1V1U1 ~ ~ 

'lJ tl>1 L l'I"lf1 1m>1n~1>11>1 LLVl1Udnl'lftllJ~~::1iLlJU~1~~1111l1 mh>1 LL~::1111 n~1>1~>1 ~1UfI11lJ~U 
'\I 

i>1L"1iU1l.J~ 7 Vlt>1~1mrUnrhn11tJ~ DAC 1~£Jn1111>1~n-n1>1V1rt>1'lJtl>1 DAC ~>1lJU1>1LLVl1U 
'\I 

n11L~lJfI11lJiu~1lJ11mhL~1~£Jn11n~~tl>1~lU'lJ tl>1 DAC L-n1V11 nULL~::fI11lJ Lfl1£J~'lJ tl>1 

c:l1V1,z1'lJ tl>1 Ll'I"lf1~1lJ11ni>1Ln~Li~1Un~tl>1~~'t'l11tnrLLlJlJll'1~1·h.n, 
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../ ..r..., ...... ...,... "" tI .. 
1tI 't'l7 LL~~\l1\1LL'VI1lm ~~1lJm1lJ11';)mmJ1\1LL~1 LL~:: 't'l1\1"lJ113JtlLL~~\l1 LLlJlJm13JLm[J~
'II 	 ~ 'II 

lJll.~1'V1U1"lJ El\l L~'f'Hd El3J El\l ~1ll.n~El\l,;)~'t'l11~llrLLlJlJ1~fl1L1sD 
~ 

2dsin B = A 
LdEl 	 d ~El 1::[J::~1\11::'VI11\11::ll.1lJ (d-spacing) 

B ~El 3J3J"lJEl\lLLlJ1nn (Bragg angles) , 
A 4!l _.:II fi'

A flEl m13J[J11f1~ll."lJEl\l1\1~LEln'lJ 

1ll.\l1ll.ii[J~~El\lm1~mY11m\l~f1\1"lJ El\l~111l1[J1~m13Jill.~\I -;i1 LUll.~El\l1i DAC 
'II 

LUll.EltimruL ~ 3Jm13J~ll.1~ [J';)::~ ~DACLl'El ~ nlJ~ i\ltfll.~\1~El\l1i~11i1 El ~1\1~ LUll.~\I ~~ n 
, 	 'II 

(polycrysta"ine) lJ11,;)1ll.DAC 1~[J~ ~\I~~m::~m1i~L1[J\I~1LLlJlJ~3J l'h1i't'lm::ll.1lJ"lJ El\l, 	 . .
""1 ..r.. .J' .J' ..., ... ... ...... '" ..... 1 tI ..r

El::'ilEl3J3J Elm~'t'l,;)::Ln~m1L~[J1LlJll."lJll.~~ rn~El~fI~El\lnlJn~"lJEl\lLLlJ1nn ~\lLL~~\I ll.~ 't'l8 
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Diffracted beam 

Incident beam 

MonoCh,om~ 
X-rays 

1tl~ 8 (il £.I) n11L~EJ1LlJ1.l.'lJ tl'l-r'l~Ltln'lf11-U.J'l ~~n~~n11~\;1 L1EJ'l~'lLLlJlJ Rl.I 1\;1 EJ1::1.l.1lJ~ 
~ , 
~,,~ <t'-~.r.¥ 1.1 .r 

11'lmRtl\;1flfltl'lnlJnD'lJtl'lLLmnm::Ln\;1n11LfW1LlJ1.l.'lJ1.l. [12] ('lJ11) J LLlJlJ'lJtl'ln11LflEJ1LlJ1.l. 

~Ln\;1~1.l.11.l.Rl1~ltlcil'l~LtJ1.l.~'l~~n~'lm1';)tlci11.l.DAC ~~n1Yrn::LtJ1.l.1'lnmJ1\;1EJ~1::1.l.1mf'l, ~ 

..... _ _.ell 15"..J ..... d 

Ulnn lJl1l'1'Yl1'l'lJ tl'l1'l RLtl n'lfl1 \;1n m::l1lJn lJ ~'l ~ fln [13] 

n11Llim!mJfl1-Jr-r'l ~Ltln'lf,;)l n LL v. ~'l rh LU\;1 LLUUV. fl tl\;1 111~lJ~,r1l 1\;1EJmll1EJ11fl~1.l.~ 
~ 

1ititl 0.7109 A 11mf'liin111i-r'l~Ltln'lf,;)lnLLVI~'lrillU\;1 LLlJU'D1.l.1mmtl1.l.~mll1E.111fl~1.l. 
~1'l ') n1.l.~l[J fhv.-rUn11m1,;)~lJLLnlJn11L~[J1 LlJ1.l.1iLl1flUfl n11d£.I 1 LlJ1.l.L :a'l 1.1,111111 nlJ 

.J '" ~ d:'l.¥ .,j ~ :'1 1.1 .-..11"
Lmtl'lm1,;),;)lJLLlJlJtlllLl.I,;)LYlfl\;1 'If'lllJ1.l.LLlJlJYl1.l.l1 tll.lLlI,;)LYlfl\;1 (Image Plate) LlJ1.l.tl mrnl1 'l5, 
UWnnmll.1 L-nll'lJ tl'l-r'l~Ltln'lf~'lRlm1mbn ~lJl.Il1'15'1V.3.iL~ 1\;1 [J';)::U1.l.Yin-ntlllfl LtJ1.l.Rtl'l~~ ~ 

~ 

RJl1YlL1R'l LLfl::Rlm1nU1.l. Yintl~m rn-r'lRL\;11Wli1'lnl1'l [14] 'Yil1i-ntll.lfl~U1.l.Yin,;)ln ~11 Ll.I,;) 

. 
~ ~ 

LYl fl\;1 ~ fl rnJllYl R'l LLfl::Lv. m::RlInlJ n111-bLtl1iiLml::iV.l1m'lR11'l ~~ n'lJ tl'l Rl1 ~'lJ1.l.~'l 
~ 

U[J1I1iilll Ll.I,;) LYl fl\;111.l.n11U1.l.Yimtl LLlJlJn11L~[J1 LlJ1.l.'lJ tl'l-r'l RLtln'lf'l5U\;1m::';)l [J 1.11.1 
~ , 

~11 LlI,;)LYl fl\;1R11'l,;)ln Rl1L1tl'lLLR'l-;)lYl1n BaFX: Eu+2 (X=CI, Br) Lfl~ tllJ tl cilJ1.l.Rl1 1 Yl 

.A. 6'.J ..... ti' ,d .cI VI. cr..J 1"'1.1 
~ 

"#II A

flLl.Itl1 Ll.Itl1'lRLtln'lf\;1nm:l1lJlJ1.l.tll.lLl.I,;)LYlfllil ~fln'lJtl'lLLlJL1[JmL~ Lfl\;1l1nn \;1 (doped) m[J 
~ 

[JhLii[J1I,;)::LLliln~11lWL~nmtl1.l. l'h1lW L~nmtl1.l.m'l~l LL Vll.i'l~L~-rlJ-r'lRLtl n'lfnn m:~1.l.1i 
~ ~ , 
-nll1,;)l nLLnlJl1 Lfl1.l.'lf (valence band) ,r1.l.m~LLnUn111-b (conduction band) Llfl::nn~n~lJLl 

~ ~ 

11.l.LLnlJ~tl'lill1 (forbidden band) lJ~L1 rn~L1[Jnil flfl Lfl tlfL'lf1.l.LIiI tlf (color center) [14] ~'l 

LLRIiI'l11.l.Jl1Yl~l1.l.~l'l 

http:m:~1.l.1i
http:LlJ1.l.tl
http:If'lllJ1.l.LLlJlJYl1.l.l1
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X-ray
Radiati on 

Forbidden 

V alence 

000 000 
1U~ 9 1.J~Lan'lf(ilnn1:;YllJUUallUJ~LYHI(il1111rui L~nmm,l.f1 n m:;~U1V;'ll1~.r;n nLLr1U,. ,. , 

l1Ltlwn;1ull1ffUtlUn11Ul LLtl::tlmlniuL""nULLtlU~a.JV;l11 [15],. ,. 

n11~aL~nmautlninilJL'nULLtlU~a.JV;111d LU1£.1lJL~ijaUn11LnUVI~.J.J1UL1~Un-:h,. 
.. .... 1 ",.::I .... ~ ~ 1 .J C) ,Q " .J t:I YJ ....3 ::1 

~::1ln11m:;(ilU Vtll n11f11 £.I VI tl.J.Jlua anlll a n f)1.J ~WYl~lU1UElLtlnmauYl Lnu L1U~:;LlJU, 
i(ilff1 U1(il £.Im.J flU ml11 L'll)..l'll a.J1.J ~L a n'lf~(il n m:;YlU1ULLIll tl:;~ ~ a II Lll~ LVI tl (il~L~1U1.J ~Lan'lf, 

.... ..r ~ '" ~ .... ..1 .1 ~. 1......1 - ) Yl..lLLtl1U ~::Ln(iln11L1a.JLL~.J L~LllaJ.i>l LlJL'lllLma.J~LLnUamll~LVltl(il (Image Plate Scanner 

~ L tl L'lf a f L lJ U i 1 n 1 :: ~ ,U1V;~ L~ n (il1 a ll. Vt tl (il ~1 n LL tl U ifa .J V;111 n ~U ff ,. LL flU L 1 L tl U '111 (il £.I ~ ::, 
.1 .1·.... ..I.. ..I .1 1..1.... 1
LJtl~LJtla£.lVltl.J.J1ULL~.JYlllml11£J11fltlULJ1::111rn 400 nm aanll1 ~£.IYlmlm'llll'lla.JLL~.J U 

Ul1ltl:;~l LLVtU.J~U ~a £.I a anll1Ju~::LiJuuljrnfl1~ £JCil1.J flUfl11m'll1l'll a.J1.J~Lan.n~(il n m::YlU 

[15] 
d _ ,cII_ 0 lod "" d \,.I f(' 

Lma.J~LLnUall Lll~ LVI tl (il llVttl n n11Yl1.J1UL 'lfUL~ £.11 nu Lma.J~LLnum £.I LL~.J Ltl L'lfEl"i 

(laser scanner) 1~£.I1in11n11~~lLL~.J Ltl L'lfafluuuamm LY-Itl(ill1 tl::LLm~lnUUtl.J~l.J yh1V; 

aL~ nmaUVttlmlnLLtluifa.JV;111m1UffLLtlU L 1 Ltlu.nu~lm£.lVl ~.J.Jlua anlll1U 1U'll a.JLL~.J LL~.J,,. ,. 
LVt ~ld~::L '111 ffVt tl a(il ~tl~ VI tlllJLa af (photomultiplier tube) L~ ElLU~ £.IU~1 mL~.J LUU,. 
iqJ qJl rnhlvh ~1 nJuff.J11l a iqJ qJl rnLU U.J1l1fl'll £J1 £.I iqJqJl rn5nflf.J iqJ qJl rn~L~dLUU 
iru rul rnua Ul tl a n~.J~:: tln LLU tl.J L U uiru rul rn~~ (il a tl L ~ a ff"'llall tlliL fli a.J fl a llY11 L(il af 

.., " \J " " ,. 

U1::ll1tlf.JtlLUU1l1V1~~(ila tll1l aLU [15] i.JLL~(il.J1ULLf.JU1l1V1 

Laser I)eam 
Plate L--_P_-M_u_b_e----'~T

JLruL AiD converte r 
Oigi ta l clata 

http:L~nmm,l.f1


13 

il1l L1I,;) L'YHlli1~13J11ml11111-nUll.Yimu LLlJlJn11Li[J1 LlJWl.I u~1~~Ul ni~1 [J L YlflU,fln11 
" 

Li[J1 LlJWl.I u~1~ ~Lu ni"lfit~m::,;)1 [J1I 11111 [J 1~m111iu.~~L~ t~ [J ii;m3-rn::n11~1i1:~ uU mrni~
'" . 

LL~~~1u.1U~ 11 LL~::~11111nU1::1I1 ~ C-H'l-nu3Jfl,;)1n il1l L1I,;) Lw~1i11iuti1u.1Utl u~m111i1l~u.f 
'\I \J'\I,. 

1::Vl11~m13JL-n1lLL~::1I1Itlu~LLlJ1nnl~ i~LL~~~1u.1U~ 12 , " 

... 

... 



• • 

• • 
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" ..J.., " _.r ... .. .. - '1
"lHUHH1 ~~ 111 nL 11 T1l1.T1 n11 L fH.l1 L lJ lI.'lJ fl ~ 1~ ~L fl n'1f'll'lI.~ n1::111 1I 1.1 1.1,;):: flll lI.1lJ'lJ fl ~'" .. ,.,. 

.1 

m11.1 il.l~lI.lh::~i1~m11J L'li1.I'lJ fl~1~ ~L fl n.nm~ ::1.I1.1'lJ fl~ LLlJ1n n ~~ ~1m1()U11.111::lJL~'h Lilli. 

1m~~11~ LLlJlJ1~ 
.. ....J..,,, .! ..,.11 til .. -"1..J

1.I1.1'lJ fl~ LLlJ1n n 11 ~~111 n n11mH~ fl~ 11::" 1 ~lJ 'll' ~ lI. n11~1 LLfl ~ 11'1f~1111.1 L~ fl1 ~!J 11• 
I I .,:J - &.;' 1ICIiI_ ~1 1 .... to .. ..... ........ 

1::1I::~1~1::~11~1::lI.1lJ TI1T1~l1LLfl~l1'1f LLfl::~'ll'lI.l.IflLflfl1 lI. m~~11~lI.lI. ') 11::l.Im11.1~1.I~lI.1i 

nll.1~ lI11::il'lI.fl t1 nlJ1U111~ 'Y11~ L1'lJ1 TI til~'lJ fl~1::lJlJ LLfl ~Yi'1f'lJ fl~lJ11 L1" (Bravais lallice) L"Jili. .. .. 

1m~~11~fl.. nlJ1f'1n (cubic structure) ~lm1C'lL;j lIl1.m11.1il.l~lI.lh::~i1~1::1I::"';1~1::wh~ 
I .J,.. ...... _ .... 'V! .... &.;-.¥ 

1::lI.1lJ TI1T1~l1LLfl~l1'1f LLfl::~'ll'lI.l.IflLflfl1 ~~~~lI. 

d = a 
hkl (h 2 + k 2 + /2 r2 

1l1.'Y11~UnlJ1iitlll.lH'tU1LLn11.11l1.n111::lJ1m~~11~ fh1~~lm1m::lJ1m~~11~L~J1!J
:oJ • • 

LLfl::11~L11il'lI. 1l1~1lJ~lUi~!JdH'tU1LLn11.1 DICVOL04 1l1.n111::lJ1m~~11~ LiJlI.Ldfl~~lI.• 
[17] ~~lU1LLn1l.1i~n~11~~lI.11~1I1lJfll1vJLLfl::Lfl1Lflflf (A.Bolutif and D.Louer) 111n.. 
~~lil1l11tmL"';~L1l1.LlI.~ (University of Rennes) U1::Ll1f'1~t~Lf'I~ 

, "... .. ....I.., " to.! "'. 11 til .,
~1l1.m11.1 L'lJ 1.I'lJ fl~1~ ~L fl n'1fl1 L~111n n1111~fl fl~lI.lI. 11::"1 LlJ 'll' ~ lI.n11~lm Lmll.~'lJ fl~ 

fl::~ fll.l 1 ~ 1I ~TI111.1 L'li1.I'lJ fl~1~;L fl n.n111 nLL<ti fl ::1::lI.1lJ (l hlcJ) ~ TI111.1 il.l ~lI.'rrnlJ LL vJ ~Wil flf 

1m~~11~ (structure factor, Fhk/ ) n~11~fl I hlcJ oc 1F,'k/1 
2 LLfl::LLvJTIL~flf1m~~f1~L;jllll.L~LiJlI. 

F'"kl = If} exp21ri(hx) + Icy) + /z) 
) 

"j 

Ll.Ifl ~fl LLvJTlL~flfn11m::L~~'lJfl~fl::lilmJ j (atomic scattering factor) 
d.¥ , ... 
'1f~'lJ lI. flll nuLfl'lJ fl::1il fl ~ .. 

xj,y},Zj ~fl vi1LL~U~'lJtI~t1::liltll.l j 1l1.wn~ (x,y,z) 

"..J .. t. • :'1 " " -.t , .oJ, d1lI.n11lJ fl n 1T11 ~ ~11 ~ 11 ~ ~ lJ 1 rnll.lI. 111 LlJ lI.lil fl ~1'111 LL ~ lI.~ l1LL lI.lI. tI WlI t1~ fl::~ t11.1 '1f~.. .. 
ff1m1()~lL~111nm11.1~U1LLl.ill.ilL~nmflll. (electron density, p(x,y, z)) [18] i~~1.In11 

Ll.I 
"j 

fl ~ fl 1.11.1 LvJ ~'lJ fl~1::lI.1lJ (hk/)
• 

"j _ '.I-..J.., , , ... ..1 '..I 
Ll.Ifl~1111rn1~1.In1111 2.6 ~lJ11lJ11.11rnl1 Ll.I1111lJTI1T1fl 1.I1.1LYi~ LL~~lm1()• 

IL n,h~ll.1l.1 LvJ ~L~~1 [Ji~m1~1.I'Y11~ ~n~ 1~ [J n111l1~il~nlJ ~ fln1111 ~ fl fl~ 

http:fl~lI.lI
http:lI11::il'lI.fl
http:11::l.Im11.1~1.I~lI.1i
http:m~~11~lI.lI
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n\l LL~lT;)::'Yl11lJmllJ~U.l LL'\.i U.D L~nmflu.LL~lnmlJ LL~ ~Hl~l~'l1n n11fllU.l rnrJ\I ~ 
mllJ LL~ln~l\1nlJ ~~n11'Yl~~ fl\l elU.Lrtfl\l 1I1,;)lnU';)')[J~ ~\I ~~~ flmllJ L-nlJ"lJ fl\lf\l~Lfln.n l~LLri 

fl rn~llij"lJ fl\l a'11il fl cil\1 1 ~~ll1L'niu."lJ fl\lf\l~Lfln.n n11~~n~u.f\l~Lfln.n "lJm~flu.1l1f1"lJfl\l 
, 'U 'U, 

a'11ilflcil\1 n11')~L1[J\lil"lJfl\l~~nl1iL1j'U,LLlJlJ~lJ '1~'1 ~\lm1l1rn~1\1 ') m~lif';)::nmllJflci
, 'U 'U 

lU.LLyJflL~flffilml,;)LLn (correction factor) [18] i\lJu.~\liimllJ~lLUU.~fl\lYiln11l.JflJfil 
m1l1rni\ln~1111lJJ\I~lLm'\.i\l fl::~ fllJ L ~ fl 1 ~1~~~n11fllU.l rn~ a'fl~fl~fl\lnlJ~~n11'Yl~~ fl\l 

n11l.JflJil LLl.J11m\la'11\1"lJ fl\l1'Yl L 1~~ LUu.in-n11l.JflJil LLl.J11m\l a'11\1~ttl1l.J LLlJlJ 
'U 

n11Lt[Jl LlJU.J\I~lJ~ 111l"lfLu.n11l.JflJil LLl.J11m\l a'11\1 Yil1~~~~l~iil.J1::~'Yln-1l1~a'\I in-n11 
'U 

i\ln~11ifvr~U.l;ju.1~[J1'YlLl~~ (H .M. Rietveld) lu.tJ fl.t1 .1969 [19] 1~[J~~~nn11i\lLLa'~\llu. 
LL~U.1l1~~1U.~1\1 

Rietyeld Refinement 

j 

Retined model 

n11l.JflJilLLl.J11m\la'11\1"lJfl\l1'YlLlfl~ li'n11-;ilflfl\l1m\la'11\1~LUU.ll.Jl~ ~\I~ll~,;)ln 
- ...J, "1 J' "101 ,,~ o J' 0

~~n11'Yl~~fl\l LL~::n111 Lml::~'Yln~11lJ1LL~1 U.LlJ fl\l~U. ~[JU.l m\la'11\1'Yl,;)1~fl\l"lJU.lJl'Yll 

n11l.JflJil LLl.J1~1\1 ') LL~::Ll.J1[JlJ L Yi[JlJnlJ ~~ n11'Yl~~ fl\l~ LUu.mllJilJvrwlh::~11\1mllJ L-nlJ 

nlJlJlJ"lJ fl\l LLlJ1n n~l [Jin-fh~\la'fl\llZfl [Ja'~ (least-square method) 1~ [JVi,;)11rnlmllJ, , 
'\.ilL~flnfl,;)lnfil X 2 

i\lif 

X2 =L w, (Yu; - Ycj Y 
; 

A... .J ':: f""ACV~' 
flfl mllJL"lJlJ,;)lnn11'Yl~~fl\l 'YllJlJ"lJfl\lLLlJ'mn ~l~lJ'Yl I, 
~fl mlm-nlJ,;)lnn11fllu.lrn ~lJlJ"lJfl\lLLlJ1nn ~lilJ~ i, 
~fl filJl~ltn'Yl1\1a'nGi ~lilJ~ i 1~[JiifilLiJU. 11 Yu, 

http:1m\la'11\1~LUU.ll.Jl
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fll X 2 ~::dJll.iillU.J:lll1m.JR1l.J~~1'Hl.J;tmfll. ~ml~Rfl~fI~fl.JnlmflnTlmHH1.J 
~lmrmJLW[J.JLYh1~ ~.Jtilfll X2 ~fll,rfl[J lm.JR1l.J~~lflfl.J;tll.~::~ml~Rfl~fI~fl.JnlJ~flnTl 

'Yl~ tl fl.Jmn 1~ [J~ nl'nJ1lJ iill LLlh lm.JR1l.Jiil.J n~ll LUll.n11U1lJ 1 iml~ L-ll~~l n n11filll.l ru 

L 'lTl1n ~fllml~ L-ll~~lnn11'Yl ~ fl fl.J LLlJlJ~liil1Jlil fl ~liillJ ~.Jml~ L-ll~~L~~l n n11filll.l ru~ 
ml~R~~ll.tfnlJLL~fIL~flf~l.J ') iil.JU [18,19] 

=S L LK IFK 12 cp(28i - 28K )PKA + Ybl (2 .8) Y el 
K 

fifl LL~flL~ElfRLnfl 

K fifl i"ll'itijflLflflf ~ (hkl) 1~ ') 

cp fifl Vt.Jnill.'lJfl.Jh'l1L~Lfn11R::Y\flll.~1::ll.llJ K 

FK ' fifl LL~fIL~flf1m.JR1l.J 

fifl U~fIL~flf'lJfl.JhL1ll.1iI"ll (Lorentz function) 

fifl Vt.Jnill.ml~1,rm~[J.J1ll.n11~~L1[J.J (preferred orientation function) 

fifl LL~fIL~flfn11~~n~ll.,. 
d ~.k' &"ooo ..... .J. 

flfl mlm'lJ~~ll.'VIfl.J fll~lJ'Yl I 


LL ~fI L~ flf~l.J ') ¢I LLR~.J1ll.-lll.JlIlll. LUll.U1m ru~111fl.JL~1lJn11U1lJ fll L~ fl1i~ fl~ln 
nl1filll.l ruRfl ~ fI ~fl.J n lJ ~ fl nl1'Yl ~ fl fl.J ~.J U1~1 ru~ L U ll.iill U.J lJ fl nll ~ fl nl1U1lJ iill LL U1 

...... ,d '" '" '11.1 t. '" •.1 II' .... '11 ... d.,1m.JR1l.J~ml~ll.1L"ll'flnfl'VI1fl L~ll.ll. flfl LLnflLI1W1f1llm'lJlnll. L~ (agreement factor) 'll.J 

~~11rul~ln 2 u1mru L~LLTi LL~flL~flf'lJfl.Jl~1L~Lf (profile factor, Rp) LLfl::LL~fIL~flf'lJfl.J 

1l'nL~LfLLlJlJril.JJ1'V1,rn (weighted profile factor, R,.p) l~UUnG1LL~lfll R,.p > Rp 1~[J 
•• 1 II' t. .... , "II. I .r 

RnflL~fl1'Yl.JRfl.JUR~.J~.JR~nl1~flLUll. 

R = --'i____ X 100% 
p n 

LYUi 

I 

I 

'2 

IwllYUi -Ydl 
2 

, xlOO% 

LL~ Liifl.J ~l n ~l i lJ'lJ fl.J fill ~ L-ll~ ~ LL U.J ~l ~ ~ ~'lJ fl.J LL lJ1n n~1iYi~11 ru 1 ii~lll.lll.• 
~ 1lll.-lll.Jmn ~.J1ll.'Yl1.JU ~UG1 LLU.Jfl fln LUWrll.fl:: 0.02° iil.JJll.i~n11U11J1ill LLu11m.J R1l.J'lJfl.J 

http:LUWrll.fl
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111 L 1 fl <il~.J L'VI ~1:: fllJ n1 j~l l.l.1 ru.~1 £J 1Uj LL n j~ 1 l.l..J 1 l.l.i ~£Jd1~1'1!1Uj LL nj~ GSAS 

(Generalized Structure Analysis System) [21] ~.J~~mifl.l.1~£Jfl1fil.l.LLfl::1tll.l. ~1~ 
(Larson and Von Dreele) ,:nn~tl.JU~U~n1jfltl~ tlfl1~tl~ (Los Alamos Laboratory) 

Uj::L111'1~'VI1~m~1n1 ~.J d:Jl.l.1ujLLm~~ ~lmj(lUj::~1 fl ~fln1jU11J!il1 LLUj1m.J ~f1.J tl tl nm.. 
1l.l.L.:n.Jm1VJmLfl::L.:n.Jmmru.l'i11~~::mn!litln1jli.J1l.l.1ujLLm~ 1l.l.n1jUj::~1fl~flL.:n.Jm1VJn 

~1£J1UjLLm~ GSAS l'i11~~li~lmj(li.JLnCilLL(llJm1~ LLCiln!li1.J'lJ tl.JfiT;l1nn1jl1~fltl.J LLfl:: 
'IJ 

n1j~1l.l.1 ru.~.J';)::d:Jl.l.,rtl~ fl~'h [J l~mi~lmj(lU1lJ~1 LLUj1m.J ~f1.J1~J1 £Jifl.l. 1~ £J cl1 LL(llJ
'IJ 'IJ 

i.Jn~11Sj5myru.::L1£JlJ ~lmj(ltJ.JlJ tln1~111m.J~f1.J,;)lnn1j~1l.l.1 ru.~m1~~tl~f1~tl.JfllJ ~fl 

,;)lnn1jl1~fltl.Ji.JLL~~.J1mu~14 
'IJ 

40 60 

2 theta (degree) 

jU~ 14 ~flL.:n.Jm1VJm1nn1j~1l.l.1ru.~1£J1ujLLm~ GSAS 
'IJ 

2000 

v; 
c 
~ 
c 

- 1000 

-- bckgr 

--Calc 

X Obs 

--dlff 

: dIffractIon peaks 
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A......¥ --.... .., ".~" ..¥ .... .. ..1U1m ":Jnl11-;) tlUf1 ru.:: ~1-;) tI L~ Til n11 f'! m~l LL n U n11 L~ til L U mHl..:J1..:J ffL tJ n 'II LL U U 
'II 

m::-;)l tI ~ ~ 111 tll~ff1l11::ml ~ ~Uff..:JlI tJ..:J ffl1~ ..:J~llb1un~ ~ L11 til UtJ1 £f LL~ ::rh n11f11Ul ru. 
, 	 'II , 

Lffntl11l1l'HL~::iJ-;),)tI~ ff..:J ~~ n..:J 1m..:J ff11..:J1l1 £.I 1~fll1~ ~Uff..:J1I tJ..:J CulnSe2 Ag InTe2 LL~:: 
'II 

AgGa Te2 1~ tilUffl U1I tJ..:J UYl d -;)::11 tJ ~1 LffUtJ ~~ n11i,)£.111 tJ..:J ffl1 LL~ ~ ::~1 LL£.I n n U LL~ -;)::~..:J 
• I" .. 1 "1 ....... 	 ..I 

, 

fl

lJ1::L~Un11f'!nlYl m..:Jff11..:! ~£.I~::LtJ£.I~ffl~1U AglnTe2 LL~:: AgGaTe2 LUtJ..:J-;)lnLuUm1 

fi'UlAl U1m..:Jff11..:J~ ~ml ~ El,..:!£.I1 n 1 um1tJnUl £.I ~lnnil £J..:J 1~ Lfl £.I ~m111£.1..:Jlumn tJU 

CulnSe2 

111 £.I~~..:J -;)1 n ~ ~":j,)£.I1~rh n11vr~Ul Lfl~tJ..:J ~ tJ LL~l Lffh LL~::hi~l n11~n lYl n11 
'II 

• I"" • I 1" .J .... • l' .. ~" ..¥ .l ....
LlJ~£.IULLlJ~..:J m..:Jff11..:J1I tJ..:Jff11n..:J~1U1 un~2JLYl tilUtJ1£.1 L~£.I11tJ!I~ m1L~ £.11 LUUl1ml!1~ULL~:: 

, 	 'II 

tl,ru.~11 ijtln~-;)::nnuuYin L~ tJ LUUn11ml-;)fftJU fl,ru.1l1lAl1ltl..:J~1 tJ cil..:Jn tlU~-;)::Li~rhn11~nlYl
~ ~ 

"" .... ......l.., ".... • .., ... • l.f.iJ " ..¥ ..:. .... 
Ylml~~Uff..:J m tJrn..:Jl1 L~1Un11ml-;)fftlUl1 L~!ln11uUL tJULL~lu-;)::nnLlAl~ml!1~ULL~:: 

'II 	 'II 

~lm1~n1Y1LLClUm1L1£J1LUU~'hml~~U~1..:J ')nu -;)ln~~m1Yl~fftJU'Viuil CulnSe2 ~m1 
Ltl~ £.IULLtl ~..:J1fl1..:J ff11..:J-;)1 n 1 fl1..:J ff11..:J LLlJlJ L~ ~1::1 n Utl ~ ~ fll1 ~ ~utl n ~Ltl LU u1 fl1..:J ff11..:J LLU U 

~nUlf'!nfl~l[JnlJ1m..:Jff11..:J1I tJ..:J 1'I1L~£.I~fl~tJL1~~ml!1~u 7.1 GPa L~ tlLUUn11~U£JUml!1 
'\I 

nn~tl..:J1I tJ..:J 1m..:Jff11..:J~mllJ~uff..:Jd 1um1Lnu,rtJ!I~~..:J~lm1Lriu~'l1ml~~u~1..:J ')nu~ ~1 £.I 
'11'11'11 

~1~ ~ tJw1il..:J~~lm1L~~ml~~U LL~::,rtJ lJ ~'ll"~dCln~111Ji Lml::~1~ £.I L l1fliifl111 L 1~~tJ cil..:J 
'\I, 'II 

.. . J ".l.., ".... .. .l • • " ..¥::. 1,,- ..¥ 
fl ::LtJ £.I ~ LUtl..:J-;)ln11 tJ~ ~11 LmUnlWlnlYll1 ~lU~ln tJU~ U1Ul1..:J~ ~ ~ 'll"L l1flUfl n11L ~ £.I1LlJU 

'\I 

'lJ tl..:J ~~ n~..:J 1~£.1 n11m::-;)1 £.I 'Vi ~..:J..:J1U ~..:J1UL Ylflii.fl~..:J n~11jj,rmhn~ tJ cil..:Jmn 1 Un11lb,rtJ!I~
'II 

'ttlh1Un11~nlYl1m..:Jff11..:J tJ Ell..:J ~::La£.l~ n~11 ~ tl ,rtJ~~~L~-;)::jjml ~ ~::La [J~~lnil,rtl!l~~ 
'II 	 'II 

't~-;)1 n L Yl fliifl n11m::-;)1 £.I!1m rttJ..:J -;)1 n,rtJ~ln~ ~lU~1~11-;),)U ~L~ ffl !ll1Cl LL£.I n lAl ~..:J..:J1U, 
'lJ tJ..:J 1yJ~ au~m~ nm::l1ul~fl::L~ £.I ~ LYI1 nUfI11"V1~,U1I a..:Jilml-;),)WLUU L-n..:J!I,~"VI1tJ~lUl U 

A .... .... .r ..I.J..,,, • 1~ ::...¥ ::.,,"
Y-l nL'II~1I a..:J~ lml-;)-;)ULLlJ UlAlUl'l'I1..:J L~ ClnU1 m 'll" LUfI1111~~ a..:Jm..:Ju uan-;)l nuULL~111 a~ ~ 

'II 	 'II 

III n L Yl fl iifl~..:J n ~11-;)::jj fI11tludi aU1I a..:J Liu fI11L1a..:J LLff..:J-;)l n~1 a Ell..:J La..:J LL~::lff~,~u1U1::lJ U 

"l~rf..:Jii escape peaks -;)ln~lml-;)')U La..:Jan~1£.1 LL~::L~ al~1~~1lAl~..:J..:J1U~~::La£.l~LY1 £.I..:J'Vi a 

'lil..:Jml~ nl1..:J1Ia..:J~~~~1 n111~~..:J~lLllwia..:JLLflU~ln ') ~11~LLnUn11L~£.I1LUULnmln ~~n, 
1-I..:J~lUlu,za tI~..:J ff..:J ~ ~1~nl1tl1::!l1ru.1I a..:J mlmuu~~ n~..:JhHi1~ [J LU lAll::a Ell..:J ri ..:Jll1[JlGt 

lf1l11::mll.1~Uff..:J nl11umU-;)lnff!lU~ m1~~n~wr..:J~1~£.Ifflutl1::n aU1I a..:J DAC riff..:J ~~1~ 
'II 	 'II 

,ra ~ ~iifilmlm,r~~1~Liifl ~1 ~ Lfl ~ auLtlmn 1~ £.I~..:J ~1..:J ')L ~ ~ldfflm1CllAlUL~1UYl n ')'ll"~
'II 	 , ,

" ..11 " ~ ........::. _..¥.. .., ':'1 ..I.. • I .. ..

'lI a!l ~11 'll" LYl fl Ufl nl1m:: -;)1 £.I lAl ~..:J ..:J1U ~..:J UUL 11 fl UflU-;)..:J L~ L u Ul1lAl..:J u 1:: ff..:J fl1l a..:J n11f1n lYl 

'II 

"1 ...... ::.1 .. ::...¥ ..,,,. 1" 1	m..:Jff11..:J ~[J~::La[J~ ~-lll.U Un11f1nlYlfl1..:JUL11 L~111f111 'll"Ll1flUf1n11m::-;)1[JlJlJLLYlU 

Jl~""..I.. '" ..,... ..I .., • ..I..,,,. "'.1" 
,
1 1 

llAla ~ L~1Ia~~l1lJ~ru.1l1~~mlLL~:: L~lJn111umU-;)lnL..:Jau L1Im..:J ')Yl L~n~11 LuLLfll ~[J U 

http:nl1tl1::!l1ru.1I
http:Ylflii.fl


• • 

(tn) 

'0

---p.;D 

II. 

lU.t.rtlUHl ~ll.'L}YL'.t.~lL'~f1"'".rl ~f1'.t.LU L'~'It~f1~L'L}YL'.t.~l 
• II. II. 

L'~ f1'1tl1l ~f1 ,.t.LU!! rt~1tl (3 ~ ~" L'.f'lt~rt LWL'lJ1.U ULR U~.t.LU rt~~~~~ rt (3 !l-L'~Y" 9 ~ ~f1.t.1l ~1 

~Il (3'::~ Il ~lLRU~.t.LU rt.t.~, L'L.t.Y L'W1L'~rl ,,'It Il ~rl ,.t.LU:: ~" L'L.t.Y L'.t.~1L'(31T.~ Il (3 ,::~ Il L.t. ". p,.,." IA " I a F"I a " I=" 

'ttl l 'ltL~.t.LU::~" L'(3 ~~U.t.LUL'(31T. 

II. 

L'L~~f";1 L'~rt (3}M.L'L~'ltL~1-~L'~Y" uu'ltmIIIi,.t.LUrtU1' L'(3IT.L'')UI", L~L'~Y'1tl!1'::~"L'(3 ~Ltmm'Il ~1 
II. 11.' 

'ttll'ltL~.t.LUUL~~~~~rt(3!l-L'~Y" III ~,~'It!1' L'(3 ~~U.t.LUUL~~rt(3lLL'~Y"L'~,,~~~'It!1' 8d8 L'8 
• II. II. 

'It~rtLWUU~LrtU~rtm'L'L.t.YL'W1L'(3IT.~~l1 UW'lt~U1Il~1~ rt(3IT.¥I.::LW'l.t.LU~f";1L'~Y" 9 ~ Url.t. F" I" ,.,.,... ... .. 'II:lI' -... " -

_a~/&Z: 

-r:rit ~' rK .-.1 O-Oil cl; 

II. II. II. 

8d8 L'8 'It~ftLW~~rt(3!l-'lt1J1Il~1 9~ ~f1.t.'ltU-~L'~Y"~lJl~LrtU~rtm' 
II. 

L'L.t.YL'.t.~l(3 ~l~" l' 'It LL'1l L.t..t.LU rt~, UU.t." I.'L.t.YL'W1L'Y'It~ rt Ll~UI.'L.t.YL'.t.~lLRU~.t.LU u.t.,1'It1T. " P' ... '" k ..... kF"'" ...,. F"'" p ~ 

..,..,.....~---.....--...v ~~.-....--~~-~ 
~ I I . ,,~~"~7"~"___ 

(on) 

:ll1!ln:JI1!:) 
p;J,\J;JsqO • 

! (OOt) 

o 
~ 

P("')
'UIII¢ 

i 
-~ ~fb> 

~ 

..... 

b 

61 

http:UI.'L.t.YL'.t.~lLRU~.t.LU
http:ltL~.t.LU
http:f1'.t.LU
http:L'~f1"'".rl


-- --------

• • 

~, 

20 

47.6 GPa .____.-.. 

---- -"'" ~.. ~--'· 

33.9G~ 

~e__'---------
.-J "-----" 

43.9 GP 
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28(deg.) 

.1..1 X ..I... ,


1u'Yl 16 LL~~-lLLfllJm1LfHJ1LlJU'lJEl-l CulnSe2 'Ylml3J~Um-l ')

'II 

X ..I... .. .., ~ .. xl'" 	 fl... d,n nLL fllJ n11 LfHJ1 LlJ U'YllJU 'Yl n L~ LUn11f1 n 1Yl U fl1-l ~11-l LLlJ lJ ~ n lJl fI n'lJ"-l Lu U 
'II 

lm-l~fl-lLGl £J1Ill [J1~ml3Jiu~ Lfl [Ji1m1~n1Y13J1ri ElU~1.hd'L~1lJm1~uETu LL~::~ml3Jiu 
.¥ ,..I .. .. ",..I .., ...... .1..1. 1 1 ... 1 ,d fl 

~-l'lJUn11'Y1Lfl[J3Jm1f1n1YlflEl'Yl 39 GPa L11 L~flU~lJm1Lu~[JULLu~-l m-l~11-l ~3J 'lJ"-lLuU 
'II 

::; ..I.., ..... 1'" X - .1..1. 1 X..I
m-l LL 1n'Yl L~ 3J n11m1,;)~ lJ m-l ~11-lU,;)ln n11~ ~ ~13J n11Lu ~ [J ULLu ~-l LL fllJ n11L ~ [J1 LlJU'Yl 

ml3Jiu~l-lnu') Ell,;)'Yh 1 in~11L~11lm-l~fl-l1mJ.ndJUm1L~[JU'lJ El-l1U11-l,;)lnlm-l~fl-l 
'II 

LLlJlJ~nlJlf1nL~3J~-lif,;)uu~13J11m::lJL~11LUulm-l~fl-lLLlJlJEl Ell 'Yl1El3JUflLLlJlJ Cmcm 1U 
'II • • 

m1~n1Yl1i[Jflf-l.nfl m::mi[JL~'Yh m1~n1Yllm-l ~fl-lIll [J l~ml3J i U~-l'lJ El-l ~11~-l i11.t1 
'II 	 'II 

, .......1"" ..,.11.... 1 ... ,... '" d fl ::; ..I.., .....0 

n~3JL'YlElLUEl1[J'Yl3Jm1Ul Lu 'll'-llUu1::[JmlEl[Jl-ln11-l'lJ11-lflEl CulnSe2 'lJ"-l LuUm-l LL1n'Yl L~3J 

m1~n1Yl~11"Ifii,~.n~ml3Jiu~-lti-l 53.2 GPa 1~[J1um1~n1Ylflf-l.nL11L~Yhm1~uETu
'II 

.....1 ... ..I .., ...... '" 1'" ... ::; ...1m-l~11-l'Ylml3J~U~-lYILfl[J LmlJm111 [J-llUfl El m-l~11-lLLlJlJ~nlJlf1n UElmlnUULL~1 L11 
'II 	 'II 

ET-lL~fi'u~lJlm-l~fl-l1mJ~ml3Jiu~-l~ET-lL3JLfl[Ji1m1fi'u~lJ3J1riElU~ml3Jiu 39 GPa ~n 
'II 

~1 [Jl~ [Jif,;),;)UU~13J11m::lJL~11 LUUlm-l ~fl-l LLlJlJ El Ell'Yl1El3JUfl~1U11 [J-llU~~m11i[Jfh~-l
• • 

1Um1~n1Yl~11~-l~htb AglnTe2 LL~:: AgGaTe2 Ill[J1~ml3Jiu~-llU-lluli[J.nLL1.l-l
'II 

ElElnLUU 2 ~1U L~LLri m1~n1Yl~1£JL'Ylflii,flm1L:[J1LlJU'lJEl-l1-l~L5n'lhii,~m::,;)1[J3J3J LL~::• 
o .... __ 	 el .- .-.J ~ 

m1f11U1mm[J11i Density Functional Theory (OFT) LUEl-l,;)ln3J11[J~::LEl[J~'YlflU~lJ 

3J1nnl1 CulnSe2 ~-l~lLUU~El-lElli[Jm1fllU1 m'Y11-l'Ylq1Y~lUm1El~lJ1[JU11n!lm1rn 
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AglnTe1 
o '"" d..... 0 a" _.¥ '"" .. ~ t(',c::a, 

a'1~1lJ a'11n\llirn1.1 AglnTe2 n n ~m~1"111L l'1 fl1Ul m1L'H.J1 LlJ 'U.'lJ tln\la'L tJn'l1"l5'U.",. 
m::,;)1 rJ1J1J1'U.m::lJl'U.m1L~ 1J m11J i'U.,;)1n m11Ji'U.lJ11El1 m ~';)'U.n\l m11J i 'U.U1::1J1 nl. 26, 
GPa LL~::1'U.m::lJl'U.m1~"m11Ji'U.n ~lJ~m11Ji'U.lJ11El1m~anflf\l J\lii1~'Yhm1f11'U.l nl. 

... 1.I.J t ... ~.J 
,. 
do'" d .... y .....

"lrJ DFT 'U.m1Lu~rJ'U. m\la'11\1m\ll'1~'U.\I LL~::a'1~1lJa'11n\lm~1 AgGaTe2 f'lm~nmEl 

Ll'1 fl Um rl'Ell L lJ 'U.'lJ tl\l-r\l ffL ~ n'lf"l5U" m::,;)1 rJ 1J 1J 1'U.m::lJ 1 'U.m 1 L vi 1J fll11J i 'U.,;)1 n fll11J i 'U., 

'f "" .. .,J..,
L~"i\l G'l"i1\1 ~H~ n'llfh'l AglnTe2 fl~113J(;)"lJ"i"iEnmi'1 

Q".cr ~ a~Q" 
~ a m"ifl (;)a v\l1nn L't1~"~ La Eon LlJ""i\l ~Lv n'lS'1I'"(;) n"i::1l1 tJ3J3J• 

1.0 

-;- O.S 
::l 

III
-

~ 0 .6 
'iii 
I: 

~ 0 .4 

0 .2 

O.O~~----r-----~----.-----~----.-----~----.-----~----~ 
5 10 15 20 25 

c old II .J - " ,Q t(' 1 
fI1f1\1l'1LL~"l'1'l1 a = 6.396 A LL~:: c = 12.615 A 1JfI1Yl1111JL"El11l1rJ 'U. u = 0 .24 LL~:: '7 = 
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- bckgrx 

Obs 

..... diffraction peaks 

........... 

.- ...... .. .. _.__. , . _._. 
_ • •M ... .. . .... :""I~'.' 

............... ~ 'f~"~""""""_t~A '~~L ~" ____"'''''HI''''' .. "" .....,..*,..__ .... _ 
o r ' ." ; , T ..".. ,..----lIY\o'_ ............
~'H 

10 20 
two theta(degree) 

.I..J ..t... .1 .... t ...... .J ....Y
1lJ'Yl 18 LLrIlJn11LL'lEJ1LlJUVlL'l,lnl1lJ1lJ m\la-1l\1mEJ Rietveld Refinement 'lJEl\la-l1n\lmJ.l;1
'II 

AglnTe2 ~ml1.1ium1EJ1n1"'~1EJtm\la-1l\1C-J~nLLlJlJ'D'1L'l tfllt'iL1rlLLL'l::tm\la-1l\1C-J~nLLlJlJ 

<ill UVI U\I El::~ El1.l'lJ El\l tfl1\1 a-1l\1 C-J~ n UlJlJ oU\I t1LlJ L'l U~i\l n ~11 L~yhmn::lJ dJ U, 
tm\l a-1l\1~ ii El::~ El1.llJ1 nL1EJ\li1 LLlJlJ ~1.1 LLL'l ::ii<ill LL VI U\I El::~ El1.l'lJ El\l tm\la-1l\I C-J~ n UlJlJ;\lt1, 
LlJL'lU~ ~\I<illLLVlU\lEl::~El1.l'lJ El\ltm\la-fl\111mLa-V1\1i\l~11l..J~ 1 

m1l\1Yl1 <illLLVlU\lEl::~El1.l'lJEl\la-l1 AglnTe2 ~iitma-1l\1C-J~nUlJlJ;\lf1LlJL'lU~ 

~1UM"~Dt~D~t~Uft~ft1" 
61eR• u v w 

occupancy 

Ag 0 .00 0.00 0.00 0.5 

In 0.00 0.00 0.00 0.5 

Te 0.25 0.25 0.25 1.0 
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ti"LL1Jlm",d'1"~m11JiulJ·r'H.I1n1",,,,a"~Tl~"~llt1 AglnTe2 ~::inm,,~f1,,·h1J 
LiiflitU LL~nL1i~11i~"~f1nlJn11fim~nlf11"~f1"",a,, AglnTe2 ~m11Jiu~"LL~a ti1,,1fl ~,,~::

" 
LL~fl"1iL~u1Uil,ra~ a LU yf"dLfl1,,~f1"'illJ i" n ~11 £T" ~a flfl ffa" n lJ"1 UiiEJ ~LfI EJ ~ n11 

11 EJ"1U1J1LLffl1un11fimY1~11~,,1i11lt1 AglnTe2 111 EJ 1~m11Jiu~" LLfI::a rnlUlii~" ~"YllJ'h 
,. 'I ,.,. 

LnflLm" ~f1"LLlJlJ~" rlLlJ f1U~LtJULm" ~f1"~" L~n EJ1 (metastable structure) itu1U 

m::lJ1Un11f1fl m11J i ULLfI::f1fl arn~ll ii~m11JiUlJ11EJ1n1 '" LLfI::a rn~ll iiia" 
'I ,. \I 'I ,. 

. '" ~ ~ nl'H;I1'WHlt~'HJ OFT 

1Un11f11UlrnLm"~f1",,,a"~11~,,1i11ih AglnTe2 ~lEJ DFT L~~1n11f11Ulrn~1 
Energy cut-off ~L~1J1::~1J~lEJLYlflitfln11~L,r1'lJa"Yl~""1U (Energy convergence) LflEJ 

" _ A "'.1 ..l .. ,..l _ ..l..,,,0 0 

Yl~11rn1~11n"ml-l>1 AglnTe2 Yl1Jmfl"YlLLflflYl'1l' a =6.396 A LLfI:: c = 12.615 A Yl ~m1n 

~f1m1Ylflfla"LflEJ1i ultrasolf pseudopotential LLfI::YI"rfiu GGA-PBE i"LL~fl,,1U1U~ 19 
" 

-3047 .0 

-3047 .5 

-> 
~ 
>. -3048.0 
Cl 
0

4.1 
C 
W 

-3048 . 5 

-3049 .0 

240 260 280 300 320 340 360 380 400 420 440 

Energy cut-off [eV] 
• I .J ••1 ' " .." A.., .1 A

1uYl 19 m1n~f1m1Ylfl~alJm1f1L'lJ1'lJa"Ylfl""1U~U~11n"flll-1>1 AglnTe2 '1I'''LL~fl''
" " ...... r I IV 

m11J~1JYlWln::~11" Energy cut-off LLfI:: Ylfl""1U111J 

~1mu~ 19 YllJl1 ~ Energy cut-off LYl1nlJ 350 eV Yl~""1U11mi1J~L,r1~1,h-
" " 

3048.91 eV/molecule i"Ju~"~11J11mruhL~11n11L~an1ifl1 Energy cut-off LYl1nlJ 400 
.1~" . ..l,..l ..

eV ~::m ~ ~fl~f1n11mUlrnYlUW1!a(la 

n11f11 Ul rn~1 fi1 fI" ~ LLfI fl fi '11' LL fI ::~1 LL ~ \i" a::fl a 1J ~ fll11J Ii1UlJ 11 EJ1 n1 '" 1in11 

• At • .¥ 1"" .I..l .I..,,,l::,
mUlrnLLlJlJ Geometry Optimization '11''' um1mUlrnUEJa1J ~lJn11LuflEJULLufl" ~flY1\lm 

~1 LL ~ \i" a::fl a ~I LLfI ::fi1 fI"~ LLflflfi'1l' Lfl EJLi1J~1nLm,,~f1" ~~ nLLlJlJ"1i1f1LflLYlL1yf~~fi1f1"yf 

LLflflfi'1l' a =6.396 A LLfI:: c =12.615 A iifi1Yl111iiLfla11l1EJtu u =0.24 LLfI:: 17 =1.97 
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oJ 0 , t., t Vj Vj .. ..lVj., ... ..l -.. .:"1
'lhHHmT'Hllll.1rnYHJ11 m,Hr'l1"'LLlJlJ'lf1~ fl L~ L"l'Yl'Yl L~r;):::lJfl1fl"''YlLL~~'Yl'lHJ~E1E1mlJll. a = 

6.497 A LL~:: c = 12.821 A LL~Lll~m"lLU~EJll.LLU~"''lJEI''''h~1''l1ijL~E1f1l1EJ1ll.~",u'''lJEln 
1ii1 LL'VI \.i",'lJ EI '" E1::~ EI:IJ 

ti d '1 .... .t' .,I "" 'I "".... 0nTn GHn·u~'1" ~'11" ~'1"'t1'V1'",,:I L"~1'1n"G11"1 Ag InTe2 

A,~ ~6'A,CL,.o 

~ a n1'1't1G1a E!"~1 m 't1~"~ La lI1 LlJ"'1" aLE! n'1f~"G1n'1::~1l13J3J• 

3.2 

2.8 

2.4 
::J 

6.25 GPa 

4.14 GPa 

2.84 GPa 

0.4 

1.74 GPa 

0.80 GPa 

0.30GPa 

Ambient 

0.0 I I I 

I'tJ-
>
:!:: 
I/) 

l: 
Q)-l: 

2.0 

1.6 

1.2 

0.8 

I 
2 4 6 8 10 12 14 16 18 20 22 24 

two theta(degree) 
• I .,j t. I Vj ••1 .. .t ~ .. '" .. - 1

"llJ'Yl 20 lJ"l Ll"i~'lJEI"'m"lL~EJ1LlJll."l"'~LEln'lf'lfll.~m::~1EJ:IJ:IJ'lJEI"'~1"l AglnTe2 ll.,. , 
_ - ... .d ... 

m::lJ1ll.m"lL~:lJm1:IJ~ll.~1nm1:IJ~ll.lJ"l"lEJ1mllffl"'m1:IJ~ll. 6 .25 GPa 

~1mu~ 20 LL~~",1iL~ll.11 ~1nm1mlll.lJ"l"lEJ1mllfn"'m1:IJ~ll. 2.84 GPa tU"lLy.j~,. 
.t ~ .. ~.Vj ".1..1 Vj. I • .t .d Vj. 11 - .,j ... 

'lJEI"'m"lL~EJ1LlJll.'lJEI"'''l'''~LEln'lf L:IJ L~LlJ~EJll. LlJ LL~'YlmLfllJm"lL~EJ1LlJll.~::L~E1ll. LlJ ll.'Yl1lf'Yl1"''Yl:IJ, 
:IJ:IJ'lJEI"'LLlJ1nn :IJ1n;1ll. ~"''VI:IJ1EJm1:IJ111wrl1'''~'''n~11~1''l Ag1nTe2 ET",mm",~f1"'~~mLlJlJ, 
'lf1~ tflL~hrfLL~::tm",~f1'" ~~n LLlJlJ6fi",r1LlJ~ll.~dJll.tm",~f1"'11:IJ LL~tm",~f1",i", ~E1"'~ 
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.1 .., •• 1 J' ,,<- 1 ".. ...J "', .J ... 0 <1u"I ~f'f«REl"fI«El.JnlJ m.JR"I1.J~«nLLlJlJ«nlJ1T'!nmJmfl.JmL«~'Yl'll" a = 5 .827 A LL«::[J.J 

........ A.....J I d f 

'\I 

d.... 0 .Id 1 " .. 

REl~fI« El.JnlJ.J1'U.1~ U'Yl~ll.uJ1 'll".J'W1J11R1"In.Jm'U.1 Ag InTe2 ~::Lu« [J'U. m.J R"I1.JtJ«nLLlJlJ 

'111« 1f1L'WL"I'Yl1u dJ'U.1m.J R11.J ~~nLLlJlJ NaGI ~ihr~ L1[J.J~1 LLlni.J'lJ El.J LElEl El'U.1J1 n LLlJwhJ 

t: .J' A .J A .¥ 1 .r 1" .. . 

, 
<

'Yl.J'U.~lnn1"I'W~1"Irnfl113J R1..) mm'Yl Ln~'lJ'U. 'U.LLr1lJ n1"IL« [J1 LlJ'U.'lJ El.J m.JR"I1.J'lJ El.J~« n LLR~.J~.J 

"IU 21 'WlJl1'YlnLLr1lJn1"IL~U1LlJ'U.~ElR3JmmLii,,;r'U.LL«::~ full width half maximum (FWHM) 
'\I , 

fi El Wll1.J m n ~.JYh1iYl~l "Irn1Lil1 LLr1lJ n1"IL~U1 LlJ'U.~ Lii~;r'U.di ~~1 n n1"I'l1El 'U.111JT1'U.'lJ El.J LL r1lJ 

.r t .J1 "...J u' .., . I'" "" !'I t ".J '" • 1nl"IL«[J1LlJ'U.Vi«1[JLLr1lJ ,,[J'Yl m.JR"I1.J~«nm 'U.~u ~"~El.JLu'U. m.JR"I1.J'Ylmu'Yl"I.J'Yl1.J 

... 1 ,,'" ..- t ".. d 1 .J.J'.,. .. t" .. 
'\I 

A.J ..
L"I'lJ1f1rn~ n«Lf1U.JnlJ m-:JR"I1.J~«nLLlJlJ NaGI 'll"-:J 'U.'Yl'U.nflEl fl"I.JR"I1.JLLlJlJElEl"I'YlEl"IEl3JlJfI 'Yl3J 

mJR;J3J1mLU'U. Cmcm LL«::~'W1"I1iiL~Elfln[J1'U.'lJEl.JEl::~El3J Ag LL«:: In LU'U. v = 0.75 LL«:: 
'\I 

f'1 d .... d.., d \1 ....... .... I .... .r 

'lJEl.JEl::~El3J Te Lu'U. v =0.25 'll".JfI«l[JfI«.JnlJ GulnSe2 'll".J ~~3Jm"IfI'U.'WlJnEl'U.Vi'U.1'U. 
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- bckgr 

-Calc 

x Obs 

-diff 

.... diffraction peaks 

NaCllike structure 

I I 


10 20 


Cmcm like structure 

~__""~~~~~~.~~"~,. • II II I ,•• '1" • 
 ""11_ ..... I 

II I. • II I I I II • II II I •• ,111 ....... I 


10 20 

2 Theta (de~l·ee) 


LL1JlJ NaCI (lJU) LLfI::tm-1~f1-1~~nLLlJlJ Cmcm (~1-1) 
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(lJ~) LiJ~n11U1lJlm-la'11-lt.JamLlJlJ NaCI ~ii~l~-l~LL~Vl'n'l1LiJ~ 5.870 A hll:J~~l Rwp = 
, .I.J, ofl .I~ 1 ..... ..I ..

4.37 % LL~::m Rp =3.14 % LL~::1lJYl 21 (~1-l) LlJ~n11lJ1lJ m-la'11-lt.J~mLlJlJ Cmcm Yl3J 
'U 

~l~-l~LL~V1~'l1LiJ~ a = 5.871 A, b = 5.798 A LL~:: c = 5.808 A 1~EJt.J~n11'h~1m 
U1lJLfiEJlJii~1 Rwp = 3.45 % LL~::~l Rp =2.62 % yf-ld'l1nn11~,;)11mlLmEJlJLfiEJlJ~1 Rwp 

, ~.r.;!'" 1 ......J. ..¥ d .I~ 1 ... 
LL~::m Rp 113JYl-l Lu1EJlJLYlEJtI t.J~n11Yl~~ E1-l LL~:: m-la'11-lt.J~ nYl,;)l~ E1-l1J~L~ E1lJ1t1 m-la'11-l 

1~LYl~U~ Rietveld refinement ~-lLLa'~-li-lLi~~,rlL~~~t1111m-la'11-lt.JamLtIti Cmcm 

- 1 ..... .J '~1'" ... .J_"¥ .J' ..I
LL~V1Yl'lf1JEI-l m-la'11-lt.J~mLtIti Cmcm Yl a oF- b oF- C 111 "'Yln~~YlLn~1J~,;)lnn11L~EJ1LtI~Yl3J3J, , 
1JEI-lLLtl1nn~1-ln~L~mrElEJ l'il1"'~E1a'3JmmLii~;f~LL~:: FWHM ~E1~,rl-lmn ~-ll'il1i 
lm-la'11-lt.JamLtIti Cmcm a'lm1m,yln~L~~n111m-la'11-lLLtiti NaCI 

130 • Chalco 
• Cmcm 

125 


120 


..... ..... 115 ,., 
«...... 
4J 110 •E 
:::s 

105'0 
> 

100 


95 


90 


• 

o 2 4 6 8 10 
Pressure[GPa] 

1U~ 22 ml3Ji3J~~f1::"'11-lml3Ji~LL~::U1m~11JEI-la'11 AglnTe2 ~L~,;)lnn11U1t1
'U 

lm-la'11-l,;)lmYl~U~ Rietveld Refinement LL~::l'iln11U1t1,rE13J~~1 EJa'3J n11 
'U 

• .... .J 
a'1111::1J E1-l Birch-Murnaghan ~l~t1Yla'E1-l 

,;)lmu~ 22 ~t111 lm-la'11-lt.JamLtltI·ln~l~L~L1yfii~13J E1~;a'L:n-lU1m~1L 'Yhntl 
'U 'U 

34.01 GPa LL~::1m-la'11-lt.J~mLtIti Cmcm ~~13JEI~;a'L:n-lU1mmL'Yhntl 57.52 GPa yf-ld
'U 

n11LU~ EJ~1~1-la'11-l t.Jamlnlm-la'11-l t.Ja mLtltI'lfl~1~L~L1yfLiJ~lm-l a'11-l t.Ja mLtIti Cmcm 

iitl1mm~V1~-lU1::3Jlm 14 % 



28 


o .... 

~H~n1"~1"1m~1t1 OFT 

'\.Ul mn nm1Yi'il1'Hu.1n1'lLtI~ [Ju1m\l~f1\1f1f\l~Ylrt\l "1Hl\l~11~\li'"J'\,b AglnT&.! ~L~ 
'il1 n~l'l m1'Yl~l'l El\l~'l[J L 'YlflUfi m1Lt[J1 LU WlJ El\l1'\1 ~L5 n.n'llu~m::'il1 [J3J 3J LL~1 Lil11 m1fi1U1 ru.• 
~1 [J DFT ~\IL~1i-"~111n L~Elf~1\1 ') 1 um1fi1U1 ru.~~'il11ru.1'il1n ~l'lm1'Yl ~ l'l El\lLUUYI~n 

~1Y11'U1m\l~f1\1LLuu'lI1l'l1f1L Y4h'Yf ~1m1nyhm1fi1U1 ru.~1[J1m\l~f1\1~~n~~f1\1;ru1~[J 
El1f1[J-nEl3Jl'l'il1n~l'lm1'Yl~l'l El\l LUUYI ~n 1~ [J~h LLW\.L\I El::~ a3J1~ [Ji~~1WlJ a\l1m\l~f1\1 ~~nLLUU 

'II 

'lI1l'l1f1LY4L1'Yl1~ i\lLL~~\l1um11\1~ 2 

m11\1~ 2 ~'ILLw\.L\la::~a3J"lJa\l~11 AglnTe2 ~inm~f1\1~~flLLUU'lI1l'l1f1LY4L1'Yf1~[Jm1 
,)~ L1[J\I a::~ a3J~1 [J'lI~i1~'1 L UUm1"lJ a\l 1m\l~f1\1~~n~ijYl1i~3J3J1~1 142d 

• 'II 

61"• 
0 

;)1'l41'l40::"OIJ 
&11 LLM""0::"OIJt"'lJi~ft1" 

u V w 

Ag 4 0.000 0.000 0.000 

In 4 0.000 0.000 0.500 

Te 8 0.240 0.250 0.125 

LL~~1Y11'U1m\l~f1\1 ~~n~m13Jiu~\I ~-na3Jl'l'il1n ~l'lm1'Yl~l'l a·\J"j::u111m\l~f1\1~~n
'II 'II • 

~ Lii~;rULuu1m\l~f1\1 ~~n~nm1L1[J\li1"lJ a\lLa a aUU1n LLUU~3J i\l,.fUyh1inm1~'il11ru.1• 
.... o.:f 0 0.... ~ Q..o ...r'VI .... 

~11 \I LLUU'il1l'l a\l"lJ U3J1 LLl'l:::m m1mU1 ru.m [J DFT LY4 a~uu ~u U~ l'l m 1'Yl ~ l'l a\l 'Yl ~~'il1 n• 
L'YlflUflm1Lt[J1 LUU"lJ a\l1'\I;'L5n.n'llu~m:::'il1 [J 3J 3J1um1Lii~1m\l~f1\1i·m~11 1~ [J m1fi1U1 ru.• 
1m\l~f1\1~~ni\ln~11L~fi1u1ru.Ltl1[JULYi[Ju~1[Jii~LL~n~1\1nu 2 ii i\ld 

1ii~ 1 m1fi1U1 ru.~1 [J 1m'\I~f1\1 ~~ nLLUU L~ [J1 1~ [JL~3J'il1 nm1~f1\11m\l~f1\1 LLUU 

l: '" tI..I 1 .,....I.,.t 1"!'I 1 .,NaCI 'il1na::~a3J"lJa\l Ag LLl'l::: Te 'il1nUUnL l'l[JU m\l~11\1~l'ln'Yl~11\1"lJU YlLuU m\l~11\1 

~~n~ijYl1i~3J3J1mLUU P1 LL~1LL'YlU~1LLYI'\.i.\la:::~a3J"lJa\l Ag ~1[Ja::~a3J"1Ia\l In ~1[J
'II 

... 0 1..1 • 0 ... 1 ..I 1 • .Y 1 ....... 1 

am1~1U 1 : 1 ~[J'YlmLLYlU\la:::~a3J ~\lLL~~\I Um11\1'Yl 4 .3 um1mU1ru.U'il:: 'lI11i'il aL3J'Yl 

1El auYiL3JL'll'iu (Geometry Optimization calculation) 1~ [JfhYlU~1inm1LtI~ [JUfl1f1\1~ 
LL l'l ~ Yi'll'L~ LL~'il :::,31 n ~ fl1 ~1 LL YI'\.i.\I a:::~ a 3J L1i1iij n1 1L tI ~ [J ULL tll'l\l ~ l'l m1fi1 U1 ru.Y4U 11 

1m\l ~f1\1 ~~ nLLUU l'l n1J1~n~ Luu1m\l ~f1\1 L~3J IilULtI~ [JULtl LlJu1m\l ~f1\1 ~~ n LLUU L'Yl'Yl1::: 
'II 

1mrl'l ~ ijYl1i ~3J3J1mLUU P4/mmm 1~ [J~ ~1 LL YI'\.i.\I"1I a\l a::~ a3J 5\1 f1\1')~ L1[J\I LLUU L~ rnnu 
'II 

~1LLYI'\.i.\la::~a3J"1Ia\l1m\l~f1\1~~nLLUU NaCI 
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.J,Ji , .J"1 1'""d ..'il111\1'Yl 3 "'11LL~'\.I,\ltl::'iltlW1H)\I~11 AglnTe2 mJ m~11\1c.J,mLL1J1J NaCI 'il[Jn11~'ilL1[J\I 

tl::'il tl;J~1[J'1I'il~1'ii1 LU,'\.I,n11'lJ tl\llm\l~f1\1c.J~n~~~1l~;Jm'il1 P1. ~ 

61'"• 

•
\l1"~" 

D::"'D~ 

~1UM"~D~~D~t~Uft~ft~" 

u v W 

Ag 1 0.0 0.0 0.0 

Ag 1 0.5 0.5 0.0 

In 1 0.5 0.0 0.5 

In 1 0.0 0.5 0.5 

Te 1 0.5 0.5 0.5 

Te 1 0.5 0.0 0.0 

Te 1 0.0 0.5 0.0 

Te 1 0.0 0.0 0.5 

• Chacopyrite
-3048.2 


-3048.4 


-3048.6 

5' 
~ 
> -3048.80> 
0

Q) 

C 


UJ 
-3049.0 


-3049.2 


• P41mmm 

90 95 100 105 110 115 120 125 130 135 140 

3
Volume [Angstroms] 

1U~ 23 m1yJ~tr\l\l1'\.1,11;JLL~::mmm'lJtl\llm\l~f1\1c.J~mL1J1J'1I1~1f11~11Y]LL~::1m\l~f1\1 
~ 

d :'11 ... .J..,
c.J~mL1J1JL'Yl'Yl1:: n'\.l,~'Yl;J~;J~;J;J1mLlJ'\.I, P4/mmm 

~ 
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m1fi1l1.1ml"lul1~nTHl.J~m.~lm\lLi11\1Ln~;jll.~f1'nlJill.l.J1::mm P = 4.01 GPa J\ld 

1m\lLi11\1~~mLUU'lI"1~1flLl"lL1-n~f11lJ El~;LiL:n\lmmmL 'Yi1nu 38.04 Pa LL~::1m\lLi11\1~~n 
'U 

LLUU P4/mmm ~f11lJEl~;LiL:n\lmm~m'Yi1nu 51.89 GPa 
." 1 .... 

'U 

d.J - .JVj .... .J'".:II I0 f 

LLlJ11 m\l Li11\1 ~~ n'Yl m1lJ~lI.Li\l'Yl ~~-;)1 nm1mll.1 mlI.lJ'VIlJLilJlJ1~1m\l-;)1 n ~~m1 
'U 'U 

'Yl~~ El\l LL~l"lUl1~1 LL'VI'I.i.\lEl::~ EllJ"l.I El \11 m\l Li11\1 ~~mLUU P4/mmm d ~m1-;]~ L1tJ\I~1 LL'VI1.l.,'l 

El::~EllJ1l1.;n~m::L~ tJ1nu1m,'lLi11,'l ~~mLUU Cmcm ~,'lJ,'lLiEl,'llm,'l Li11,'l~~1LL'VI1.l.,'l El::~ EllJ 

-;]~L1tJ,'lLLUU 1m,'lLi11,'l~~n NaCI J,'ld iElLL~n~1,'l"l.lEl,'llm,'lLi11\1~~fILLUU P4/mmm -;)1n 

1m,'lLi11,'l~~mLuu Cmcm iifiEl1l1.1m,'lLi11,'l~~nLLUU P4/mmm iif11fl,'l¢lLL~~ii'l1 a = b:;t: c 

1l1."l.I m::~lm,'lLi11,'l LLUU Cmcm iif11 fl,'l~ LL~~Yi'l1 a:;t: b:;t: c LL~ El ci1,'lL1ii m lJ -;)1n ~~m1 

'Yl~t'lEl\ll"lUl1f11LQ~tJ"l.IEl\l cia = 1.012 LL~:: c/b = 1.011 ~,'l'Yh1~ f11 a ~f111n~L~tJ,'lnUf11 b 

Ag 

In 

Te 

1l.J~ 24 1m,'lLi11\1~anLLUU Cmcm ~iimi LUll. 2x2x2 LLt'l::ii~1LL'VI1.l.,'lEl::~EllJL'VI~Elll.nU
'U 

1m,'lLi11,'l~~nLLUU NaCI 

http:LLt'l::ii~1LL'VI1.l.,'lEl::~EllJL'VI~Elll.nU
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• Chalcopyrite 
-3048.4 • Supercell·Cmcm 

-3048.6 

5' -3048.8(]) 

>: 
C>..... 
(]) 
c: -3049.0UJ 

-3049.2 

95 100 105 110 115 120 125 130 135 140 145 150 

Volume[Angstroms]
3 

1tl~ 25 m1~~~\I\l1ml3JLL~::tl1mm'Hh'ltm\l~f1\1~~nLL1J1J'l11~tflL~\hrlLL~::tm\l~f1\1 
"II 

.. !i ~.d.., fl 
~~nLL1J1J Elm bl'11E13J1Jn1'13J'VI3J~3J mmLu'\.l, Cmcm 

"II 

1firi 2 m1fl1l-nru.~1E.Jtm\l~f1\1~~nLL1J1J'VI~1[JL'll'~J (Supercell) t~EJ~';J11ru.1 
tm\l~f1\1LL1J1J Cmcm ~~3j&iLtJ'\.l, 2 x 2 x 2 i\lJ'\.l,tm\l~f1\1¢1H'l'\.l,m1fl1'\.l,1ru.rf\l~'\.l, 8 L'll'~J 
~\I~m1~3Jcil1LL'VI'\.l.\lEI::~mJ"lJEI\I Ag LL~:: In 1'\.l,5m1~1'\.l, 1 : 1 i\lLL~~\l1'\.l,1tl 24 yf\lif'1.~lim1

, "II 

fl1'\.l,1ru.t~EJin-~~\I\l1'\.l,';J~L~EJ1(Single Point Energy calculation) ~\lin-i\ln~11';J::L3,j~m1, 
Ltl~ EJ'\.l,LLtl ~\lrf\l ~1 f1\1¢1 LL~ ~ Yi'll' LL~::~h LL 'VI'\.l.\I"lJ EI\I EI::~ El3..I ~~"lJ EI\I ~ ~\I \11 '\.l,113..1 LL~ ::tl1m m~ 
fl1mru.L~LL~~\li\l1tl~ 25 ~1J':hLii~m1Ltl~EJ'\.l,tm\l~f1\1';J1ntm\l~f1\1~~nLL1J1J'l11~tflL~ 

"II 

L11'1LtlLtJ'\.l,tm\l~f1\1~~nLL1J1J Cmcm ~m13Ji'\.l,tl1::mru. 3.80 GPa ~mmm~~~\ltl1::mru. 
17 % t~EJ~tm\l~f1\1~~nLL1J1J'l11~tflL~L1rl~~13JEI~~~Li\ltl1mmLl'hn1J 43.26 GPa LL~:: 

"II 
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'" _I'!!'" • I'" 1 ., ::: '" .d 0" :::~ ...@l111-1'Yl 4 Lu1EJtJL'YlEJtJn11LufHJlI. m-1~11-1m-1'Yl~lI.-1-;J1n~~n11mll.1ru.mEJ OFT m~fl-11li 

(GO : Geometry Optimization LL~::: SPE : Single Point Energy)LL~:::~~-;J1nn11 
"" _ ~ .... 4CII ~ f&'_ 

'Yl"~El-1m EJ L'Ylflll.fln11L~ EJ1 LtJW1J El-11-1~LEln'lf"1l'lI." m:::-;J1 EJ II II (XROA) 
~ 

-11n11 

..
fI11lJ" 'UtJ11U1 n1fI n11Lu§ u'Ulm..1LfTl -1 

..
fI11 lJ tl 'UtH 

\I 

lfl1-1~f1-1 Bo(GPa) 
..

fI11lJ"'U 
mlJ1m~ 

~il~-1 
lm-1~f1-1 Bo(GPa) 

XROA GH 34.01 3.0-4.0 

GPa 

14 % Cmcm 57.51 

GO GH 38.04 4.01 GPa 19 % P4/mmm 51 .89 

SPE GH 43.26 3.90 GPa 17 % Cmcm 52.87 

.1..1 1 ., ::: '" .d .d ... 0 ::: .,1lI.n11Lu~EJlI. m-1~11-1m-1'Yl~lI.-1"lJfl-1~11n-1<i11l1.1 AglnTe2 m-;J1n~~n11'Yl"~El-1mEJ 

L'Ylflii.,m11L~EJ1 LtJlI."lJ El-11-1~L5n·lhii."m:::-;J1 EJ II II LL~::n11ti1l1.1 ru.~1 EJ OFT J-1 ~El-1iiL~LL~"-1 
~ 

... '" , ::: ."... • 1..1 1 ., ~.t '" 
"-1fil111-1'Yl 4 YltJ11mn11'Yl"~El-1LL~:::n11mll.1ru.mEJ OFT lln11Lu~EJlI. m-1~11-1Ln""lJlI.'Yl 

... 1 ' .1 .. 1"..1..1 ... .t.. ... ... 1'1
fI11ll"lI. lI."1I'1-1u1::ll1ru. 3 rt-1 4 GPa LL~::: m-1~11-1'Yl~El-1'YlLn""lJlI.lln11L1EJ-1fil1"lJEl-1 LElElElll. 

tJ1 n LLtJ tJ ~ll LL~:::ij ~h LL ~ It-1"lJ El-1 El:::@lElll fl ~1 EJ nmh LL ~ It-1"lJ El-1 El:::fil Elll ll1.1fl1-1 ~f1-1 LLtJ tJ NaGI 
~ 

J-1dEl1-;J~1UL~i1~~ n11ti1l1.1 ru.~1 EJ OFT ~El"fl~El-1LL~:::~1ll11rt~lttJ~lI.lI.~~ n11'Yl" ~ fl-11"EJ 
~ ~ 

L Ylflii.fl n11L ~EJ1 LtJlI."lJ El-11-1 ~L5n'lhii."m :::-;J1 EJ II II L~dJlI.mh-1 ~ 
~ 

2.0 

;-1.5 

~ 
>
~ 
c 
2 1.0 
c 

.~ 
16 
Q)
0::: 0.5 

s ~ - §''" s M3" s: ~ ~j ~ fi 18.65 GPa 
0.0 J------' 

5 10 15 20 25 30 
two theta(degree) 

1U~ 26 lu1LyJan11L~EJ1LtJlI."lJ El-11-1;L5n'lhii."m::-;J1EJllll"lJ El-1tn1 AglnTe21l1.m:::tJ1l1.n11 
~ , 

~ .... .... d"" 

LYlllfl11ll"lI.-;J1nfl11ll"lI. 18.65 GPa rt-1f111ll"lI. 25.97 GPa 

http:Ylflii.fl
http:El-1LL~:::~1ll11rt~lttJ~lI.lI
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,nmu~ 26 y.arh~m111iu. 18.65 GPa 1m\lR11\1~~n-JJEl\lR11~\li'nl1 AglnTe2
'II 

EJ\lLuu.1m\lR11\1LLlJlJ Cmcm ~ij@l~ILLVll-i\lEl::<ilEl1lf1lf1[.1fllJ1m\lR11\1~~mLlJlJ NaCI ~n~11 
,l' ~.J.., 1 ~ ct..f.J Q..o - I I ..:II. .r Q..o d 0 

111 LL~1 U.LlJ El\l<ilu. Yl\lWYlm111"u.,,\ln ~11VilJ1111 LLtllJm1L~ £.11 LlJWl.I El\lYl\lRL<ilWl!\lYl1V1l.l.1Yl 

!'I 1 1 ""1 .., "" ...I "", ...I ~!'ILuU.1\1LLVl1U. gasket u. DAC "£.111 m\lR11\1~~mLlJlJ CsCI Yl1lmf1\1YILL~<ilYl'1!LuU. a = 

~ ~ I':'" Q..odl I.J' A. 

1::lJmmmEl\lVl1l1[J (+) LLmu.m::Y1\Im111~u.tl\l 25.97 GPa VilJ11LLtllJm1L~[J1LlJU.L~1I• 
... • I ,,,, .J' l' d '''''.1...1 1 .., 1
[J\lf1\1u11n!l1111nlJLLtllJm1L~[J1LlJU. Vl1I'1!\lVl1I1[Jml3J11 El1,;),;)::1Im1Lu~[Ju. m\lR11\1 ~[J 

m1ij~ LiJ£.I 1LU';)1 n1m\lR11\1 L~1I L 'Yh,ru. ~\lij LL U.11 ,x1lf1lf1 [Jf1~\lnlJm1~m~lR11~\li1'\.b 
1..,... ... ti' d!'1 d... 0 ...1"1 ..,...1

CulnSe2 111£.1 <ilm111"u.R\I'l.IEl\l111~n~ru. (2548) [17] '1!\lLuu.R11n\lml.l.1Yl1l m\lR11\1Yl 
'II 

m111iu.lJ11£J1m~'lLuu.1m\lR11\1 ~~n LLlJlJ"Jj1~1f1L ViL 1rlL -rlu.L~[J1nlJ R11~\I<Il1111 AglnTe2 ~\I 
"" "" , 1 .1...1 1 .., :::'...1 d .... y .1...1

~~mWln~1~\ln~11VilJ11 u.m1Lu~[Ju. m\lR11\1m\lYlREl\l R11n\l<il1~1 CulnSe2 LufWU. 

,;)ln1m\lR11\1~~mLlJlJ NaCI LULUu.1m\lR1\1LLlJlJ Cmcm 1"[Jm1ij~'l.IEl\l1::l.l.1lJ (002) Lulu. 

YiIllY11\1 [010] 

.., ...I... .., 1· I
';)lnm11::lJ,1m\lR11\1'l.1El\l AglnTez Ylm111"u. 21.70 GPa m[J u1LLm1l DICVOL04 

2000 

1000 

I· 

-bc~ 

-Calc 

x Db" 
-cliff 

.... diffnlctioD peaks 

I 
20 30 

two Ih"ta(degree) 

1U~ 27 1U1hJ~'l.IEl\lm1U1lJ1m\lR11\1~1mYlf1il.f1 Rietveld Refinement 'l.IEl\lR11 AglnTe2
'II 

~m111iu. 21.70 GPa ~1[J1m\lR11\1~~mLlJlJ Cmcm LL~::1m\lR11\1~~n'l.lEl\ll1\1RL<ilU. 

http:1m\lR11\1~1mYlf1il.f1
mailto:ij@l~ILLVll-i\lEl::<ilEl1lf1lf1[.1fllJ
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,nmu~ 27 YlU'".h~fI113J~-"1. 21.70 GPa lm-1~i'1-1~~nLLUUElEl'YlElf1El3Jijfl~iimJ
~ ~ 

~3J3J1mdJu Cmcm iifi1Yl111ijLIiIElfrn£.l1u"lJEl-1El::IiIEl3J Ag LL~:: In dJU v = 0.674 LL~:: 
c;;: .... ,.J .r:=t. c;;: :I 0 

El::IiIEl3J"lJEl-1 Te LUU v =0.185 LL~::3Jmfl-1'YlLL~IiI'Yl'lfLUU a =5.563 A b =5.744 A LL~:: c = 

5.581 A 113JnUrl-1~LIiIU~iilm-1~i'1-1LLUU CsCI ~13J11(lElTIU1£.1L~~nU~~n11Y1Ii1~El-111i1£.1 
_ I I 0 I .... .....J 
Yl,;)11ru1,;)1 nLL nu ~~m-11::Vl11.J ~~ n11'Yl1ii ~ El-1 LL~::n11mU1 ru 'Ylfl ElU"lJ1.JUEl £.I LL~::~~ n11 

U11JLl1£.1uiifi1 Rwp = 3 .25 % LL~::,h Rp = 2.41 % ~-1l'i11i~13J11n~1uL~i1n11LU~£.IU 
... ::..1 1 - .t ..I "" .1 1 .1..11m-1~11-1m-1'Yl~El-1 U~11 AglnTe2 Lnlil"lJU'Ylfl113JIiIUlJ1::3J1ru 21.70 GPa liI£JLlJ~£.IU 

lm-1~i'1-1~1£.1n11ijIilLU"lJEl-1El::IiIEl3J1U1::U1U(002) 1wYi~m-1 [01 01 ~-1iiLLU1ht3JL~£.I1nU~11 
CulnSe2 J-1dVl~~3J3J11i11"lJ El-1~11AglnTe2 L~iin11LU~ £.IULLU~-1 LLliiiin11LU~£.IUYl111ij LIiIElf 

~oJ... 1 .1..1 1 ., ::..1d
111£.11U 'If-1U-1UElnmLLVlU-1El::IiIEl3J''lJEl-1~11 1iI£.1n11LlJ~£.IU fl1-1~11-1~~nm-1'Yl~El-1"lJEl-1~11 

AglnTe2 i-1LL~IiI-11U1U~ 28 
~ 

Ag or In 

Ta 

http:1iI�.1n11LlJ~�.IU
http:liI�JLlJ~�.IU
http:1l'i11i~13J11n~1uL~i1n11LU~�.IU
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3.0 

-;r 2.5 . 
C'G->. 
~ 2.0 
en 
c 
~ 
.5 1.5 
<I> 
>:.:; 

.!!! 1.0 
~ 

0.5 ~----- 1'-----" 

Ambient pressure 

0.65 GPa 

1 
2.19 GPa 

4.95 GPa 

7.80 GPa 

10.25 GPa 

10 20 30 
two theta (degree) 

1t1~ 29 1t11LvMn11Li£J1LlJl.l.'lJEl\li'\I~LEln'lf'Jl'U~m::,nmJ~1l.l.m::lJ1l.l.n11fl~m1~~\1. 
~ . 

... d'" 

"il1nm1~~l.l. 10.25 GPa tl\Im1~~l.l.lJ11£J1n1~ 

,nmtl~ 291l.l.m::lJ1l.l.n11fl~m1~il.l. ~lJi11m\l~f1\1~~nLLlJlJ Cmcm ~~~1LLViU\l 
~ 

El::'ilEl~LLlJlJ NaCI EY\lf1\1L~n£J1 ,mm::~\ln\lm1~il.l. 0.55 GPa ~lJi1L~~ijn11LtI~£Jl.l. 

1m\l~f1\1"il1n1m\l~f1\1~~nLLlJlJ Cmcm n;lJLtlLtll.l.1m\l~f1\1~~nLLlJlJ'Jl'1fl1f1L~hyf~~ 
I .J - ~I " d ~ .... .J - tI..I

f11f1\1Y1LLfl'ilYl'l!Lul.l. a = 6.396 A LLfl:: C = 12.441 A
0 

'l!\lYI\lm1~~l.l.YlLn~n11L fl£Jl.l. 

1m\l~f1\1 LLfl::"1\1f1\1~ LLfl'ilYi'l!'lJ El\llm\l~f1\1LLlJlJ'Jl'1fl1f1L~L1Y11l.l.m::lJ1l.l.n11n11fl~m1~il.l. 
... I I _ .... 

~f11LL'ilnm\l"il1nm::lJ1l.l.n11n11L~~m1~~l.l. 

"il1nm::lJ1l.l.n11n11L~~m1~il.l.~lJi11m\l~f1\1~m1~lJ11[J1n1~ ij1m\l~f1\111~ 
... .¥ 1 '~I 1 " ..... .. .J ,,~ ... ~ "" , ,

Ln ~'lJ l.l. ~ £J1::lJ11 Lu l.l. f11\1 ~11\1 LLlJ lJ'l! \I f1L lJ fll.l.~ 'l!\I ~El ~ f1 fl El\l nlJ\l1l.l.1"il £JYI ~1l.l.~111• 
1m\l ~f1\1 ~~n LLlJlJrn\l"LlJfll.l.~~1m1mul.l.1m\l ~f1\1~\1 L~n £J1L~~m1~il.l.lJ11£J1n1~ L~L~ 
Lii9i"il1 nm1~L~lJ1~Ylt'lJEl\li1 Elci1\1~11 AglnTe2 LL~Elci1\119i rf\ld"1l.l.n11LtI~ £Jl.l.1m\l~f1\1f1.f\l•
..I .J ~ '" ~ ~ ", ..t..ltl
YlVi l.l.\I LLfl ::m::lJ1l.l.n11n11fl'il m1 ~ ~ l.l.~1m1tl ~1m1tl £Jl.l.£J l.l. Lm1 LLtllJ n11Lfll.l1 LlJl.l.YI 11 n:J 

~I ..t 1" d ..... .. .. 1 tI..I 1 ... ~ 
Lul.l.LLtllJn11Lfl£J1LlJl.l.'lJEl\l m\l~11\1~flnLLlJlJ'l!\lmlJfll.l.m1\1 L~11:: l.l.n11L fl£Jl.l. m\l~11\1m\l 

~Viii\l~lJi1lf\llm\l~f1\1 ~~ nLLlJlJ'Jl'1fl1f1 L ~\hyfLLfl::1m\l ~f1\1~~ nLLlJlJrn\l"LlJfll.l.~LtI~ £Jl.l.Ltl 

Ltll.l.1m\l~f1\1~~nLLlJlJ Cmcm LLfl::ll.l.m::lJ1l.l.n11n11fl~m1~il.l.~lJ'hdjElfl~m1~il.l.n;lJ~ 
... ... 1 ... ""tI .¥..I... ..... 1 "d 

~ 

m1~'ill.l.m1£J1n1~LLfl1 m\l~11\1Y1 11n:J'lJl.l.Ylm1~~l.l.m1[J1n1~~L~l.I\I m\l~11\1~flnLLlJlJ 

'Jl'1fl1f1L~L1yfLri1lfl.l. ~\I~1m1tl~1t1L~i1~11 AglnTe2 ~lt1m'(hn11Y19iflEl\lLtJl.l.~11~~m1~• 
A ..t ~ .t-1 "" - fS" cr.J - .J" I ...J" tI d':" 

m~Ylli YI\ll.l. m\l~11\1LLlJlJ'l!\lf1LlJfll.l.~YI Ln~'lJl.l.l.l.T;)::Ln~'lJl.l."il1nm::lJ1l.l.n11 fln~flnl.l.l.l.LEl\l. ~ 

http:n11Lfll.l1
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AgGaTe2 

t~"i\l~~1\1~~113JlPllUJ"i"i1l1n1~ 

-bc~r 

600 

400 

200 

10 
two th.. ta(d..gr.... ) 

• I"" • I'" t "" "" '" 0 "" '"1lJ'Yl 30 n11lJ1lJ m\l~11\1~1£J Rietveld Refinement 'l.IEI\I~11n\lmU1 AgGaTe2 'Ylm111~u, \I 

lJ11£J1n1f'(~1£Jtm\l~f1\1LLlJlJ'lI1fltflL~~hl'1 

.1'" t "" 1 "" '" '" .1""0n11lJ1lJ m\l~11\1m£J Rietveld Refinement U,~11n\l~1U1AgGaTe2 LL~~\I~\l1lJ'Yl 
\I 

30 ~lJl1~11~\I~T\.t1 AgGaTe2 ~m111~u,lJ11£J1n1f'(iltm\l~f1\1~~nLLlJlJ'lI1fltflL~L1l'1 ~ij 
I Q. 0 c,.::J :!.J'al t 

mfl\l'YlLLfl~'Yl<J! a =6.313 A LLfl:: c = 11.994 A 'Yl\lu,lIm u = 0.27 LLfl:: 1] =1.98 ~£J~fl 

n11W~ij~1 Rwp = 2.34 % LLfl::~1 Rp =1.77 % 

n1"iLtJ~m~t~"i\l~~1\1t'"~1"i AgGaTe2 

~1mu~ 31 (lJu,) ~lJl1tU1hJ~'l.I E1\1n11Lt£J1 LlJU,'l.I E1\11\1~LEln.n'llii,~ m::~~1 £J 1111 L~lIij
\I , 

• I"" t "t '" VI " .r l' "" ".d ~ .¥n11LlJfl£JU, m\l~11\1 ~£J~\lLn~1 L~~1nLLCllJn11Lfl£J1LlJU, Vill'Yl1::lJmmmEl\lVim£J (*) Ln~'l.Iu,• 
~m111~u, 4.37 GPa LL~L~ ElL11~~11m11U~ 4.15( ~1\1) ~lJl1 LLCllJn11Lt£J1 LlJU,1v.llL~ £Jlnu, 

\I 

U11n!l;fu,~m111~u, 4.02 GPa ~\I,fu,~\I~1m1Cl~1uL~11 L~lIijn11LU~£Ju,tm\l~f1\1f1f\lLL1n 
"" '" .1 .r t" d t VI VI .'Ylm111~u,lJ1::mm 4.02 GPa LLfl::LLCllJn11Lfl£J1LlJU,'l.IEI\I m\l~11\1~flnLLlJlJ'lI1fl fI L~ L1'Yl 

VI.J QJ d QJ QJ I fl QJ .J <AI .. 1.::.1 
Vi1£J LU'Ylm111~u,U1::mm 5.09 GPa <J!\lm111~u,~\lnfl11LlJu,m111~u,'Yl1ln11LlJfl£JU, 

tm\l~f1\1~1ntm\l~f1\1~~n'll1fltflL~L1'Yl1u LlJU,tm\l~f1\11Vi1it~£J~lIlJ1ru 
\I 

-Calc 

)( Obs 

-diff 

.... diffraction peak~ 

20 

http:Ln~'l.Iu
http:lJl1~11~\I~T\.t1
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4.5 

4.0 
-::J 3.5 

t"I:S->- 3.0:!:: -
tI) 
c:: 
C1) 2.5 -c:: 
C1) 2.0 
>-t"I:S 1.5 
C1) 

a::: 
1.0 

0.5 

0.0 
4 6 

1~ A • 1.30 GPa-
A. A 1 .. 1 1.10 GPa 

~ Ai . AP 

I I I 

8 10 12 14 16 18 20 22 24 26 28 

6.53 GPa 
A~A -

5.23 GPa 
AVLAAA A -

* * 1 * : 4.37 GPa* * 

J A • 3.78 GPa 

A 
2.96 GPaA- I. 

5.0 

4.5 

two theta(degree) 

9.34 GPa 
_4.0 
::J 

.!!. 3.5 
>

:!:: 
en 3.0c 
Q)-C 2.5 
Q) 

>
'';:: 2.0 
..!2 
Q) 

a:::: 1.5 

8.72 GPa 

7.75 GPa 

7.11 GPa 

6.99GPa 

6.32 GPa 

5.09 GPa 
1.0 

4.42 GPa 

0.5 
4.02 GPa 

0.0 
4 6 8 10 12 14 16 18 20 22 24 26 28 

• 1 .J 1. 1 'l..I....r 
two theta(degree) 

... .. '" .. ~ .J'hJ'Yl 31 lJ'l ¥'i~m'lL~H.J1LU'\.l.'lJe:hn>l~Le:m'll-n'\.l.~m::,;)lmHJ'lJe:hl~1'l AgGaTe2 'Ylml~ 
'II , 

i'\.l.~l>l ') ~1[Jm'l1i1>l~d)n.nml~[J11~~'\.l. 0.4654 A(U'\.l.) Lw::ml~[Jl1 

~~'\.l. 0.44397 A(~l>l) h1[J~L~~El>1'VIm[J (*) 'l::~LL(]Um'lLff[J1LU'\.l.1mj~L~~U'llnlJ 
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4 0 0 

;:. 
iii 
c 
.S!.:: 

2 0 0 0 

+ 
+ 
+

X 

x 

+ X 

~ ~ ~~ ~ ~o ____ __________,-________ ________ __________ _____ 

10 20 

- bckgr 

-Calc 

x Obs 
4 000 -diff 

2000 

.... diffraction peaks 
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..t , .1 ~.oJ ,,"" .. VI';
L~ Ell LlJ'U. YHJ111u LLlJlJ"lJ eh'l LLtllJnT7L,Wl LlJ'U. Yl1::lJm £JLWHh'l'VIm El (+) ~m1~ ~~ ~~lL~~eJ" , _ .r d, ~.J" "" ..t ..... 
Ln~"lJ'U. '1"HL~nm-l~lnLLtllJm1L~Ell LlJ'U.Yl1::lJm mmeJ-l'VImEl (X) 'U.eJ n~l n'U.ElWj~11rn1~ln, 
1U1Ly.J Ifm1L~Ell LlJ'U.1-l;La n'lf~ i'i m1LU1ElULYi El lJIi''U.1::'VI11-l1U1Ly.J If~ Ln ~~1 n m1~i'U.1'U.LL~ 
~::fh ~-lL~LL~~-lL1LL~11'U.1u~ 31 (~1-l) 'U.eJm1ndET-l~eJ~fl~eJ-lnlJ-l1'U.iiEl"lJeJ-l Y. Mori LL~:: 

" 
flrn:: ~-lL~l'hm1~mY1m1LU~El'U.1m-l~f1-l"lJeJ-l~11 AgGaTe2 mEll~m1~i'U.~-l ~-lY'l1Ji1 

" 1m-l~f1-l~m1~i'U.~-lLn~1m-l~f1-l"h~;t'U.L'li'U.n'U. J-ld~lnm1UflJ1m-l~f1-l~lEl Rietveld 
" 

Refinement i-lLL~~-l1'U.1u~ 32 (~1-l) Y'llJi11m-l~f1-l~1::lJ~lmfl~eJ-l'VImEl (x) LtI'U." , 

c. .A 0 I ........ 1 .... d - If' ff' .J'..l 

LL~:: c = 5.862 A LL~::~~lLL'VI'U.-leJ::~eJ~fl~lElnlJ m-l~11-lt:-l~nLLlJlJ'lf-lflLlJ~'U.~ 'U.eJm1n'U.Yl 

... 1 ....,.J .... d .d .a J" ,::J I .... I .... .... 

m1~~'U. m-l~11-l1l~Yl1::lJ~1 mmeJ-l'VIm El (+) 'If-l~ LLtllJm1L~ Ell LlJ'U.Yl L~,",l!~fl eJ'U."lJ1-l'U.eJEl, 
~-l1::lJ,1m-l~f1-l t:-l~nL~fi eJ'U.,y1-l EJ1n LL~J"-liitm-l~f1-li-ln~ll ii~1~11tlYJ~L~~nlJ1m-l~f1-l 

IS' _ ...I ... , fl ...1..,...1 _ fl 0 

LLlJlJeJeJ1YleJ1eJ~lJflYl~'VI~~~~mmLu'U. Cmcm Yl~mfl-lYlLL~~Yl'lfLu'U. a = 5.512A b = 
" 

5.738...\ LL~:: c = 6.371 ...\ i'ifi1Y'l111iiL~eJ·fInEll'U."lJeJ-leJ::~eJ~ Ag LL~:: Ga LlI'U. v = 0.63 

fl 1 :":1 .. , , d
LL~::"lJeJ-leJ::~eJ~ Te Lu'U. v =0.12 ~[Jt:-l~m1n~~m Rwp = 4.01 % LL~::m Rp =2.82 % 'If-l 

t:-l~m1uflJ1m-l~f1-l i-lLL~~-l1'U.1u~ 32 (~1-l)
" ~ ..t... .:.. 1...1 1 " 1 ", VI • 1 fl 1 ",...I ...I

Yl-l'U.~m1L1~Lu~El'U. m-l~11-l~ln m-l~11-l1l~ Cmcm ~uLu'U. m-l~11-l1l~Yl~eJ-lYl 

.... 1 .1..1 "d IS'.J .... 11
m1~~'U.u1::mrn 6.99 GPa LL~::Lu~El'U. m-l~11-lt:-l~n~~lJ1rnYlm1~~'U.u1::~lrn 7.75 GPa 

" 
~-l1m-l ~f1-l1l ~~a-eJ-l i-l n ~lli'i LLtllJ n11L~Ell LlJ 'U.L n~;t'U.fi eJ 'U.,y1-l UeJ £JL 'li'U. n 'U. ~-ll'hh11l 
~1~11tl1::lJ1fl1-l~f1-lL~i~L~'U., 

120 • ChalcopYriteJ 
• P-4l 

115 

-'"I/) 
E 110 
0 
~ 

I/) -
c: 
'II:( 105 
Ci) 
E 
0 
'0 100> 

95 

o 2 4 6 8 10 
Pressure(GPa) 

1t1~ 33 m1~i~viwIh::'VIi1-lm1~i'U.LL~::mmm"lJeJ-l~11 AgGaTe2 ~L~~lnm1U1lJ 
" 

1m-l~f1-l~lEl Rietveld Refinement LL~::yhm1YJ~"lJeJ~~~lEl~~m1~1l1l::"lJeJ-l 
• ... ..I " 

Birch-Murnaghan ~l~lJYl~eJ-l 

http:i-lLL~~-l1'U.1u
http:U.eJm1n'U.Yl
http:i-lLL~~-l1'U.1u
http:lL~LL~~-lL1LL~11'U.1u
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'J1mu~ 33 ~1J'~hlm-l~fl-lLL1J1J-nl~lf1L~lnmfil~El~K~L~-lmmmLYhn1J 41.21 
~ ~ 

GPa LL~:::1m-l~fl-lLL1J1J P 4" ~fil~El~K~L~-lmmmLYhn1J 38.43 GPa ~-ldn11LU~tlU 
~ 

lm-l~fl-l,;)lnlm-l~fl-l~~nLL1J1J-nl~lf1L~L1y]LiJulm-l~fl-l~~nLL1J1J P 4" LL~:::~U1mm 

~~~-lU1:::mru. 7 % 

4.5 

4.0 
9.34 GPa- s:::::J 3.5 0 

ns ~8.20 GPa 
~ ->. 3.0 =a 

:!:: 5.12 GPa III 
:;en 
I/) 
I/)t:: 2.5 

(1) 3.97 GPa III 
,t.... 

t:: 2.0 
(1) 2.90 GPa -> 1.5 jns 1.93 GPa 
(1) 1.00::: 

0.90 GPa 

0.5 
Ambient Pressure 

0.0 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
two theta (degree) 

1U~ 34 lu1lv-lff'lJEl-ln11Litl1L1Ju1-l~L5n.n-nU~m:::,;)1t1~WlJEl-l AgGaTe2 1um:::1J1Un11n11 
~ , 

,;)lmu~ 34 ~1J'.hlm-l~fl-l~~nLL1J1J P 4" lm-l~fl-l11~!T-lf1-lL~ntl1 ';)um:::J-ln-l 
~ 

ml~iu 1.93 GPa ~1Jl1L~~~n11LU~tlulm-l~fl-l,;)lnlm-l~fl-l~~nLL1J1J P '4 LL~::: 
lm-l~fl-l11~nK1JLU LiJulm-l~fl-l~~ nLL1J1J-nl~ lf1L~L1Y] l~tI n11LU~ tlUlm-l ~fl-lnK1J ~ 

~ 

lm-l~fl-l~~nLL1J1J-nl~lf1L~L1y]~~mur~ml~iu 0.90 GPa ~ml~ium1t11n1f'11m-l~fl-l 

~U'Y1Ln~ n11 Lu ~ tlU m-l ~11-l LL~:::m f1-l'Yl LL~~'Yl'l!'lJ El-l f1 L-n L1'Yl L U 

~ 

.. 1 \l \l ..... ..I ~ fl 
~~nLL1J1J-nl~ f1 L~ L1'Yl~mf1-l'Y1LL~~'Yl'l!LuU a =6.286 A

0 

LL~::: c = 12.032 A
0 :::..r::: 

mu 'Yl-lml~ 

... ..I ~ • 1..1 1 ... ...1 ~ 1 ..... 1 \l •. 1\l !'l 
m-l~11-l ~~flLL1J1J-nl ~ 

m:::1J1Un11n11~~ml~iu~fil LL~n~h-ln1Jlm-l~fl-l ~~n1um:::1J1Un11n11L~~ ml~iu 
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nTf'n£.l-l1'U.i.1LL~1 Lrl tlL YiaJm1aJiw;mn-l 4.14 GPa Y'4lJ'h Lii~nTHU~ £.I'U.tm-lR11-l,;)1n 

tm-lR11-l ~~ n LLlJlJ"lf1 tl tfli.Y'4i.1'YlLU LU 'U.tm-l R11-l ~~ n LLlJlJ fl fl·hflaJU fl ~ ~lUj RaJ 3J1'il1LU 'U. 
" ..I.. ~ ... 1 ~I ~ICmcm 'YlaJY'41113JL'ilfl1tl1£.1 WlIfl-lfl::'ilflaJ Ag LLtl:: In Lu'U. v =0.75 LLtl::"lJfl-lfl::'ilflaJ Te Lu'U. v 

= 0.25 ~-lY'4111 DL'il flfm £.I 1'U.i-ln~111'hh..nm-lR11-lLLlJlJ Cmcm ii!ii1LLlni-l fl::'il flaJfl~1 £J11lJ 

..... t-.¥d 1.J ~ "'i.'tm-lR11-l~tlnLLlJlJ NaGI 'Yl-l'U.L 'U.fl-l,;)1n~tln11'Yl~tlfl-l 'U.-v1-ln11LY'4l.Jm11.J~'U. aJ R1l.J11m::lJ, 
m1aJ i 'U.~ Ln~ n11LU~ £.I'U.tm-lR11-li.~i~ L,;) 'U. ~-lfl1,;) R1ui.~11m1Lu~ £.I'U.tm-lR11-lL~1.J Ln~;r'U. 

..I ..... 1 1 .1..1 t 
, 

....¥ , t ..... !T
'Ylm1aJ~'U.u1::3J1ru 3 - 4 GPa LLtl:: 'U.m1Lutl£.l'U. m-lR11-l'U. Y'4lJ11 fl1-lR11-l~tlnLLlJlJ"lf1~ Lfl 

i.Y'4i.111ii~1aJfl~;RLi-lm3J1mLl'hnlJ 34.01 GPa LLtl::tm-lR11-l~~nLLlJlJ Cmcm ii~1aJfl~;R
" " ~ .~ , '" t- .¥".I~ .1..1 t... .....1

L"lf-lu13J1mL'Yl1nlJ 57.52 GPa m'U.aJu13J1mtl~tl-l 14 % LLtl::m1Lutl£.l'U. m-lR11-lRaJlJ1ru'Yl 
" 

m1aJi'U.U1::3J1ru 6.25 GPa 

.. .I..l t ... ~..I d i....... .1..1 t ... t1'U.mWIn1!1-1n11Lutl£.l'U. m-lR11-lm-l'Yl~'U.-l ~'Yl1m1ftn1Y1n11Lutl£.l'U. m-lR11-l ~£.1 

m1Tl1'U.1ru~1£.1 DFT 1'U.R11 AglnTe2 t~£JLLti-lml.Jm1~1tlfl-ltm-lR11-l~~n~m11.Ji'U.R-l i.~ 
" 

LU'U. 2 i~i-ld 
1. n11Tl1'U.1ru~1£.1iTI Geometry Optimization 

2. m1Tl1'U.1ru~1£.1iTI Single Point Energy 

t~£.1 2 i~~-ln~111i ultrasolf pseudopotential LLtl::Vl"-lni'U. GGA- PBA t~£.I~tlm1 
• t- -'"i. ... 1 ..Im'U.1rumRfl-l1li ~LLR~-l Wm11-l'Yl 5 

m11-l~ 5 m1LU~ £.I'U.tm-lR11-lflf-l~~rt-lt~£.In11Tl1'U.1 ru~1£.1 DFT J-lRfl-l1~ 
(GO : Geometry Optimization LLtl:: SPE : Single Point Energy) 

-11m1 

.... 
m1aJ ~ 'U.lJ 11£J1m ft m 1 L U ~ £.I 'U.t m';llrf1-l 

.. 
m1aJ~'U.R-l 

" 
tfl1-lRi'1-l Bo(GPa) 

.... 
fl111.J~\4 

ml.J1m~ 

tl~tl-l 
lm-lRi'1-l Bo(GPa) 

GO GH 38.04 4.01 

GPa 

19 % P4/mmm 51 .89 

SE GH 43.26 3.90 

GPa 

17 % Cmcm 52.87 

,;)1nm11-l~ 5 Y'4lJl1m1aJi'U.~ Ln~m1LU~£.Il-l.tm-lRf1-lflf-l~~rt-l ~~1fl ci1W1h-l 

..... 1 d... '" t- .¥ t- t ... ~ " ,
m1aJ~'U.u1::3J1ru 3 - 4 GPa 'If-lRfl~fltlfl-lnlJ~tlm1'Yl~tla-l 'Yl-l'U. 'Yl-l m-lR11-l ~nLL~'U.-l"lJfl-l 

fl::'il flaJ ~1aJ fl~;RLi-lm3J1m LLtl::u13J1m~tl~tl-l1'U.n11LU~ £.I'U.tm-lR11-l ii~11n~L~ £.I-lLLtl:: 
" Ru~fl~fl-l nlJ~tl n11'Yl~tl fl-l L 'li'U.n'U. ~-lR1ui.~11n11Tl1 'U.1 ru~1 £.I DFT J-l Ru-l1~ R1aJ11n, 

~1tl fl-lli11aJ"lf1~"lJ fl-lm1LU~ £.I'U.tm-lR11-l"lJ fl-lR11 AglnTe2 tl1 £.I him1aJi'U.~-li.~ t~£JLU~ £.I'U. 
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1m,nrl1\1,;)1n1m\l~f1\1~~mLlJlJ'1f1fl1f1LViL'lYl1tJLiJu,lm\l~f1\1~~n~ij~h a = f3 =r =90' 

1~EJij~1LL'VIu,\leJ::~mJfI~1[JfllJ1m\l~f1\1~~mLlJlJ NaGI 
.,J ""::. .,J _.t.,J "" tJ .J tJ.,J

m'lLtJ flEJu,m1:IJ~u,m\lYl~eJ\lLn~'lJu,Ylm1:IJ~u, 'l:::IJ1rn 21.70 GPa 'lI\lm'lL flEJu, 

1f1'l\l ~f1\1i\l n ~11 L3.1 ij m'lL tJ~ EJ u,'VI3.1~:IJ:lJ1 ~'l LL~ ij m'lLtJ~ EJ u, Vi1'l1 ij L~ eJ1fl1 EJ 1u, 1~ EJ 
" ... d.,J "" fl 1 tJ.,J 1 ... :::.,J ... , - ..1m\l~'l1\1~flnYl:IJ'VI:IJ~:IJ:IJ1mLlJu, Cmcm u,m'lL flEJu, m\l~'l1\1m\lYl~eJ\I :lJmVi1'l1:IJL~eJ'l 

" 
fl fl.J 0 1"''lJeJ\leJ::~eJ:IJ Ag LLfl:: In LlJu, v =0.674 LLfl::'lJeJ\leJ::~eJ:IJ Te LlJu, v =0.185 'lI\lYl1 'VIVi,;)1'lrn1 

L~i1 ijm'lL~eJu,'lJeJ\I'l::mlJ (200) 1wYif'lY11\1 [010] ~\lijLm1hr:IJL~EJ1nlJm'lLtJ~EJu,lm\l~f1\1 
'lJeJ\I~1'l GulnSe2 mEJ1~m1:IJiu,~\I

" 
m'l~mY1~1'l AglnTe2 1u,m::lJ1u,m'lfl~m1:IJiu, VilJi1m'lLtJ~EJu,lm\l~f1\1n~lJ~ 

... d !iVlVl"-.t.,J ""tJ .,J "" " 1m\l~'l1\1~flmLlJlJ'1f1fl Lfl LVi L'lYlLn~'lJu,Ylm1:IJ~u, 'l:::IJ1rn 0.55 GPa LLfl::Ylm1:IJ~u, 

lJ'l'lEJ1mf'llm\l~f1\1~~mLlJlJ'1f1~flLViL'lrlij~1f1\1~LLfl~Yi'll a =6.396 ALLfl:: c =12.441 A 
.J::' "" .,J '" tJ.,J 1 ... ,.,J _ ... " VltJ ~ 
.'lI\I Yl\lfl11 :IJ~u,Yl:IJ m'lL fl EJ U, fI'l\l ~'l1\1 LLfl::m fI\I Y1LLfl~ Yl'll:IJm m\l L ';)1 n m::lJ1 u,m'lLVi:IJ 

"" m1:IJ~u, 

m'lLtJ~ EJu,1m\l~f1\1'lJ eJ\I~1'l AglnT~ m EJ hlm1:IJiu,~\I~1 EJL Ylflii.flm'lLifEJ1LlJWl\l; 

L~n·hii.~m::,;)1EJ:IJ:IJ ,;)1nm1:IJiu,lJ'l'lEJ1mf'ln\lm1:IJiu,tJ'l:::IJ1rn 26 GPa L~LL~~\lLnu,'ltJ~. " 
" 

35 

Pressure (GPa)AP 3.00 - 4.00 6.25 21.70 
~ 

.. ,
tE-IE-- 'V1i'1ruirn ~ 

I I......;...------Cmcm-------')o)oolla..;...:::=--Cmcm-
...lotE<----'II1il'lAll'tlrn----:)o:.t1 v = 0.750 (A~ 1Iil:: In) I v = 0.674 (A~ ua:: In) 

I v=0.250(Te) I v= 0.lS5(Te) 

AgGaTe2 

d d "" .. Y ~ _ J" .... d ~ 6'_ 

m'lf'lmy1~1'ln\lm"1 AgGaTe2 m EJL Ylflu,flm'lLfl EJ1 LlJu,'lJ eJ\I'l\l~LeJn'll'1fu,~m::,;)1 EJ 

:IJ:IJ VilJi1~fl11:IJiu,lJ'l'lEJ1mf'l AgGaTe2 mfl'l\l~f1\1~~nLLlJlJ'1f1fl1f1LVihrl~ij~1f1\1~
• 
LLfl~Yi'll a =6.313 ALLfl:: c = 11.994 A ij~1 u =0.27 A LLfl:: '7 =1.98 l~EJm'lLtJ~EJu, 

... ::'.,J.J - .t .,J "" tJ .J 1 ....,J "" fl1m\l~'l1\1m\lYl'VIu,\lLn~'lJu,Ylm1:IJ~u, 'l:::IJ1rn 4.02 GPa 'lI\I m\l~'l1\1Ylm1:IJ~u,~\lLlJu,
" 

1m\l~f1\1 ~~ n LLlJlJ LYlYl'l::1mrfl~ij'VIll~:IJ:IJ1m P-4 LLfl::ij~1 LL'VI u,\I'lJ eJ\I eJ::~ eJ :lJfI~1 EJ nlJ 
" 

1m\l~f1\1~~mLlJlJrn\lflLlJflu, 1u,m'lLtJ~EJu,1m\l~f1\1 VilJi11m\l~f1\1~~n LLlJlJ'1f1fl1f1LViL'lrlij 

~1:IJeJ~~~L.:n\lm:lJ1mL't'hnlJ 41.21 GPa LLfl::1m\l~f1\1~~mLlJlJ P-4 ij~1:IJeJ~~~L.:n\ltJ1:1J1m
" " , "" "'. ~ tJ ::. ..r.1 tJ.,J 1 ... "" ,LYl1nlJ 38.43 GPa LLfl:::lJlJ'l:lJ1mfl~fl\l 'l:::IJ1rn 7 % mu, u,m'lL flEJu, m\l~'l1\1~\lnfl11 

'''1 ..., _.t... .J - VI ... tJ ..r.,J - .t "" 
VilJ11:IJ m\l~'l1\1'l1:IJLn~'lJu,mEJ 'lI\lVi,;)1'lrn1 L~,;)1m LLlJlJ'lJeJ\lm'lLflEJ1LlJu,Y1Ln~'lJu, LLfl::EJ\I 

" 

http:lotE<----'II1il'lAll'tlrn----:)o:.t1


44 


~eJ~fl~th'lnlh'l1ui~£1"lJth'l Y. Mori LLfI::m14:: ~JViUl1tmJ~f1J~m1!1iu~JLn~tmJ~f1J1")1J
" 

ituL"1lunu LrteJJ~lntmJ~f1JiJn~11~ LLtlUn11Li[J1Luu~1.J11n!li~L~ufitlu,r1J,rmJ ~Jrh 
1V!L1i~l!111m::utmJ~f1J11!1L~mhJi~L~U, 

ueJm1nU Yi1UeJJL~[J1nunu1umru"lJeJJ~11 Ag1nTe2 1Un11~m:t1~11 AgGaTe2 1u 

m::U1Un11f1~m1mlU ViUl1 n11L1.J~ [J UtmJ~f1Jn ~U	~tmJ ~f1J ~~ n LLU mn fl1flLViL1Yl 
" t... ~A .K .J ~ .1 .J ~ d VI 

Ln~"lJWYlm111~UlJ1::mrn 1.93 GPa LLfI::Ylm111~U1J11[J1n1f'1 mJ~11J~flnLLUU'1f1f1 ~fl ~Vi 

L1Yl~f11flJ~LLfI~Yi"lf a =6.286 ALLfI:: C =12.032 A~JJJm111iu~~n11L1.J~[JutmJ~f1J 
LLfI::f11flJ~ LLfI~Yi"lf~f111ii1JL1.J~lnm::U1Un11L~ llm111 iu 

n11L1.J~ £1utmJ~f1J"lJ eJ"~11 AgGaTe2 111£11~m1!1iu~"~1 ElL Ylfli1.fln11Li[J1LUU
" 

1"RL5n'1f"l!i1.~m::~1[Jllll ~lnm111iuU11[J1n1f'1()Jm111iu1.J1::mrn 10 GPa L~LL~~,,1u11.J 
.J 

, 	 " 
Yl 36 

AP 4.02 

I 
5.09 

I 
6.99 7.75 934 Pressure (GPa) 

I'iftHafdnni 21 
?Jo 

IE lr1Hafdun1 1 ~I'" I!> 
~ 	 P-4 I=-,... 'II1d'rft'"'nf >. 

• I.J .I.J t ... 	 ~ d ~ 
1lJYl 36 n11LlJfI[JU m"~11""lJeJJ~11 AgGaTe2 ~lnm1!1~UU11[J1n1f'1tl"m111~U 9.34 
" 

GPa 
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!'I .J - 1 " • ..J •y ~. 1 • I"" .. ~ 
LLfl ::Lul.l.munun n Lyj11::~1 ~1''H1 ~ ~ fl n11m l.I.1 ru. YI ~1 ~11n"1 LlJ LlJ 1U lJ L YlUU nlJ ~ fl n11 

YI~ fl tl.JL~l~um.J LLfl::1l.1.U1.J mrn YlCJ lY~ rJ.J 1ifill11l.1.1U~fl1l.1.ti1l.1.~n11Y1~fl tl.JrJ.JLUl~ n.Jan 

\.I to.J" &l ~ t. a 11"" .1 .... 
m U YI.Jl.I. Ll.I.tl.J,;)lnn11Y1~fl tl.JYI ~1l11::1l.1.LL1.Jl.I.l.I.~m "1)',;)1 U~.J LLlJ1~l.I.m 1.1 ~1l1Y1ml~1l.1.LL1.J, ,~ 

an J.J 1l.1.n11Y1~ fl tl.J lJl.J tl ~1.J rJ.J ~ ml1.1 L~U.J LL fl::~ El1.1,11111 U~.J i1 U ~.J ~l.I. ~ll.1.1 ';)"lJ tl.J n11 
~ 

fill.1.1 ru. n11l11l.1.1U ~1tln11m~n11rn~fl ~1.J~ tt'1~.J ~ml ~a-lf1qJ LU l.I.tlril.Jmn1l.1.LLJ"lJ tl.Jn11 

U1::Lij l.I.ml~fl~ f11"lJ tl.J n11~1 LUl.I.n11Y1~ fl tl.J ~n~flf11~.J LLfl::ml1.1 L~U.J ElWiI11 U tl £1 i1 U 
., ,. \I " 

L U l.I. ~Yl11lJ I1l.1.t~ Uti'1LUll tl.J rlf111 wr~ LA U1'JJtl.J nlJ ~~UGh tl.J1~~1l1U1i~1l11:: 
~ , 

1l.1.LL1.Jd~u1::TU"1)'U1.Iln1l.1.~1"lJl~Rmf~ml.l.::"lJ tl.JLLii.J li1rn~~mf li1rnlY1Ul m tll.l.~~Lfl~, 
n11LL yj mJ '1 fl '1 L yj11 ::~1l11::1l.1.LL1.Jyj lJLi~ ~ n fl.J LuhlLU~ tlnh n h n fll.J"lJ tl.Jm1 Lml::~, 
LL~LL~m::~ nLLfl::'JJtl~tl"lJtl.J1.Il.I.lYEfn tlci111U1imlWfll.l.U1::mru. 5 - 10 LY11"lJ tl.Jml1.1 ~l.I. 

~ ~, 
lJ11Uln1f'1 n11~UnlY1Ulf'11~li\fL'JJ1h~1.IU~"lJ tl.J1~~~~1l11::1l.1.LL1.J';)::l111 iYl1nL"lJl L'JJlh, , 
~nlYru.::'Y11.Jn1 U111yj"lJ tl.J tfln~1tl~111 Lml::~1iGi LU l.I.U 1::tU"1)'U~tln11"lJ~ ~111,;) LLfl::Ul1~~~ 

.r 1" l--..JoJ,,~, or 

, 
or~ .. "" 

, 
~1111::1l.1.LL1.J"lJl.I.m "1)'.Jll.1. LLfl:: l.I.~~'Y1LnU1"lJtl.JnlJ11.Jn1 U1.Il.I.lYmLfl::n11LLyjYl£J1.mn~mnmu 

.1 

, 
~1 d ~ or ~ 1 ~ 

, 
~ .. ~ 

~fllUlJ1::n11 'Y1.J l.I.L1tl.J"lJtl.J~.JLml::~Ul n111nlYl 1fl1~~YI~LLYll.I.tl1U1:: ~1tl1~~YI~LLYll.I., , 
m::~n '1fl'1 

~ 

~1111::1l.1.LL1.JrJ.J tll,;)l111iLn~1~~1~~~~fl ru.~~U~'WLf'llY ~.J~lm1nulmu1::u nli\1i., .,.. .. 
ll.1.L:n.J tlli\~1~m1~~1tl L :n.JYllru"1)'Uli fl.JLU nl1~l.I. L~ ElL11L'JJ1h~~U~'Y11.JYJHmf"lJ tl.J1~~, , 

1" " 1"- oJ .J ... - 1 ,oJ ..111 U li\~m1::1l.1.LL1.J LLfl1 L11tll';)mlJfl~ ~Ln~~1111::YlL~m::~wyj tltltlnLLlJlJ1~~"1)'l.I.~ ~~YI~" , 
fl(u.~~lJ'1im~ ~itl.J n11Lc;l ~1 tl £1l.J1 ~~a-lf1ru~1')n I1l.1.tl cil.Jnl1.J"lJ11.J ~ tl L yj"1)'1~.J LU l.I.~ml.l.:: 
., ., .., \I 

VI rt.J"lJ tl.J fllflJ tll.l. L yj "1)'1';)::L~ Ln~ll.1.~1111:: tl ru. ~1l ij LLfl:: fl11 ~ ~l.I.U1n Gi LL~,;):: Ln~ 111 r.J1i, ~ 

1),ru.~llij LLfl::ml ~~l.I.~.J ') tl Vl.JlJ1L 1 ru. ~ ~ n fl.J Lu1iLU~ tl n h n L yj "1)'1nn Ul1.111 itl1::1U"1)'U 
~ ~ ~ 

lJln1.l1m yj11::2Tl.I.~~~u~'Y11.JYJHmf~"h~l.I.h~~1 UU1::n11 LiLLn ~~"1)'ih.rnL ~~.J~~ LL~::~ 
~ , 

fl11 ~ LL oil.J ~.J~~ ~1.1 u~ LVI ~ldl111iLyj "1)'1~ fl ru.f11rf.J ll.1.L en.Jl YI Ul f'll ~li\fLLfl :: Len.J L f'l1lY;i n';) 
\I .. " "" 

.J or 1 .... I~"'''''·'' 1..1 "or "".1 t or" ,,,~,,tl.I."lJ ru.::Ylm1lJ tll.l. l.I.lJl.J tl qJJlJl.I.l.I.~ ~mml.l. L 11:: LL~m1lJ tl'\.4,;)::~ lJ1:: U"1)'l.I.lJl.J UIi\ n~l L~ 

,hmLfl::11m nn ~a-lflru~ ~~~ tl L yj"1)'1Lll~'\.41Un~lJLULU'\.4m1lJ tl'\.4LiJl r.Jun~ ~.J,;)lnul;t'\.41.11
\I ..,. " 

1Jl.I.~1hnLLLt1 l111i~~u~Yln tl£1l.J"lJ tl.J Lyj"1)'1rJ.Jfl.J tl~ LL~11ml~~'\.4LLfl::tl ru.~llij~ ~1h n';):: 
., \I ., \I 

~lnl1 ~1l11::1i\ tl'\.4 ~ Lnli\ L yj"1)'1~1 n ') an Elqpu~ rt.J"lJ tl.Jm1lJ tl'\.4~ tl mflJ tl'\.4 '\.41 t '\.4 Vi1 U 
~ 

(carbon nanotubes) ~.JLn~111U1itl1::n1 UL~,;)lnhJYhLL1.J~.J mflJ tl'\.4l.1.1 t wybu~~~u~
~ 

m.JYJ~ntf~,.b~'\.4h~~lm.h::n11 tlVl.JL'l1l.1. m1Ulml~1tll.l.tlril.J~Vif'l'Y11.J m1~~lm1mJ:: 
ff11.J1iLUl.I.~1Ul~1tl~.J~1UlfiLi anrf.JrJ.Jnml~LLii.JLLn1.JLLfl::ml1.11'i~~Vl.I.~.Jmn ~.J~~U~, ~ 

L~ ~ld,;)::UlLutin11U1::U nIi\1i.Jll.1.1'\.4~ flln~fll U~l"lJl L~11,;)::LUl.I.L en.J1~li\m~1i\1 n11LLyjYlU 
~ , , 

• or 
')mm1~f'll~m '1fl'1 

_... .r ....... ~ " .. 1" !'I ... oJ
1l.I..Jll.1.1,;)r.Jl.I. m';)u L~Lfltln ~~::~mtll.l.LYlU~ (Strontium, Sr) LlJl.I.1~~YI,;):: 
~ , 

Yiln11~nlY~1 Lyj11::~1i\1tl'\.4LYiU1.IO n111i.Jll.1.~ flln~ ~lr.J~ln tl £1l.JL'l1l.1. H'lU~11U1::n tllJL'lf11 

http:yj11::~1i\1tl'\.4L
http:J,;)lnul;t'\.41.11
http:I1l.1.tl
http:1111::1l.1.LL
http:1111::1l.1.LL
http:1l11::1l.1.LL
http:n11l11l.1.1U
http:1l11::1l.1.LL
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ijmhh1iihunJ9i Li~hul'"nb fl,] [Jl~ (superconductors) dJ t.I."1'HL~ LVI~ n (magnetic 

.. !'I ... ..J .1..1 ":'1 ';\ ••1.':1compounds) WHlLut.l.l"~'YILufHJt.l.m1lJ1tlt.l.Lut.l.L),'O·'i1 (thermoelectric materials) LLtl:: 

d ... !'I 1 ..J "'~I- ....J, 1 .1 " ....
L t.l.tl'],n n "mtlt.l.L 'Yl [J lJ Lut.l.Ii1!i1 tlVl::'YllJ n "n "'Ylt.l.1 "t.I. ,;)VI ~1 [J u1::011 tl [J1WJ)'t.I. "mtl t.l.L 'Yl [JlJlJ• 
O11Lu~ [Jt.l.LLU~,] L:a']1m'] "11,] VI ~1 [J'Jl'~111 [J1~m1lJit.l.",] ';)1 n ~~'Yl~~ tl,]'ll tl']itl,]unu9i 011. ~ ~ 

YJi%mf"1111::1t.1.LL1'] (T. Bovornratanaraks, et.al., 2006) vnJ'h "mtlt.l.Lfi[JlJ~"rnt.l.::LUt.I.• 
<t ..J '"'1" ..J - " .... 1 - "" ....:. .¥ :'1'lltl']LL'll']'YllJ m']~~nLLlJlJ fcc 'Yltlru.Vll1lJVltl']LL~::m1lJ~t.l.u1n!il LlJtlm1lJ~t.l.LVilJ'llt.l.Lut.l. 3.5. ~ 

GPa "mtlt.l.Lfi [JlJ,;)::LU~ [Jt.l.LLUtl,]1m'] ~~ nLUt.l.LLlJlJ bcc LL~::L~ tIL~lJfn1lJit.l.",];rt.l.~nVilJl1
'II 

"~1tlt.l.Lfi[JlJ~011Lu~[Jt.I."rnt.l.::'Y11,]lm,],,11,]~nVl~1[Jflf,] 1~[J~ 26 GPa LU~[Jt.l.LiJt.I. Sr-III 

..J • I..I!'I ..J • I..J !'I
'Yl 35 GPa Lu~[Jt.l.Lut.l. Sr-IV LL~::'Yl 46 GPa Lu~[Jt.l.Lut.l. Sr-V (H . Olijnyk and W. B . 

..J ::. "" , ..IHolzapfel, 1984) "lL VI~'ll tl,]m1LU ~ [Jt.I."rnt.l.::t.I. t.I. L'Jl'tll1m,;)ln011LU~tlt.I."rnt.l.::'ll tl,]• 
- " .1_ ~A ::1 
tIL~n~1tlt.l.,;)ln'YllJ tl tl1lJ'Yl tl~LLlJlJ s-p lJ1Lut.l.LLlJlJ d (H. L. Skriver, 1982, R. Ahuja, B. 

Johansson, and O. Eriksson, 1998) 

'"' .. 1 ,,::. ,..J ... ';\.1 ';\ " .. -- ...
1 t.l.11[J~::Ltl[J~'llEl']n11"'nlY1 fl1,]"11,]t.l.t.l.VilJl1 'Ylfll1lJ~t.I. LiJ",]lJ1n L~lJ~l';)[J

'II 'II 

~lt.1.1ru.011Lu~[Jt.I."rnt.l.::LLlJlJ fcc-bcc ~l[Ji~ DFT LL~::1i~~lniLfi[J,]nlJ011'Yl~tltl,] (H. L. 

Skriver, 1982, F. Jona and P. M. Marcus, 2006, R. H. Mutlu , 1996, V. L. Sliwko, et.al. 
I 0.... .J ....,¥ ::.. .... _.... J I -1"

1996) LL!iI"1V11lJ"rnt.l.::'Ylm1lJ~t.I."']'llt.l. Sr-III t.I.t.I. t.l.n1';)[JLfl[JL'Jl'El11 Sr-III lJ m']"11']LLlJlJ 
~ 

distorted simple cubic LL~,;)ln011~nlY1~tllJ1 ~~L"t.l.tll11m,]"i'1']LUt.l.LLlJlJ orthorhombic 
'II 

(M. Winzenick and W. B. Holzapfel, 1996) LL~::lt.1."rnt.l.::d[J']U11nlJl1~lm,]"11,]~1~ 
"lm1m::lJ1iLLli,r~ tlUil [J ~~~nlY1~ tlm L"t.l.tll1 t11lt11m']"11,]~1~"llJ11m::lJ'Jl'ii~1id 

• 'II 'II • 

tltln1u Sr-III ';)::~lm']~~nLLlJlJ tetragonal LLlJlJlt.1.~lJn~~"rnt.l.::LUt.I. p-tin (D . R. Allan"• 
..J ....¥ ....1":'1 ..J... " .4 !'I

et.al., 1998) 'Ylm1lJ~""']'ll""mtl"L 'Yl [JlJ,;)::lJ m']"11']Lut.l. Sr-IV 'Yl'lllJ'lltlWlJ']Lut.l.LLlJlJ 
~ 

. . . ... l1li I ~ ~ I .. .... ....... 


monocliniC lJ space group LLlJlJ la lJ 12 tl::!iltllJ!iltIL'll~~Vlt.I.']Vlt.l.l[JLLtl::lJm1lJ"lJVit.l.1i'Yl1'] 

..... 1 " ..J ... ..J 
1 m,]~~nnlJ m']"11']LLlJlJ p-tin (T. Bovornratanaraks, et.al. , 2006) LLtl::'Ylm1lJ~t.I."']"~'Yl

'II • 

i tl,] U~ u~m1"llJ11n ~ ~ !il1i,rt.l. "m tlt.l.L fi [J lJ ~ "rnt.l.::LUt.I. Sr-V ~,] ij1m,]~~ nLLlJlJ 

" ... ..1 1 .. 1 .... .f'. .... ....incommensurate fl~lt1nlJ'YlVilJ t.I. Ba-IV L1[Jn m']"11,]t.l.l1 LL'lln-L,;)llJ1t.1. (guest-host 

structure) (M. I. McMahon, et aI., 2000) 

..J, 1!'1 - "" ';\.1 """ 1 ....J !'I'Ylt.l.1"t.I. ,;)Lut.l.ViLfilYfltl m1lJ LoIJ"tl~fl~tl,]nt.l.1::Vll1']011'Yl~~tl,] t.I."!il1tlt.l.L'Yl[JlJ'YlLut.l. 

- I..... "1 .. 1........ d ..J... ::.. 1 ........1
... I I 

tl"1::!iI tlnt.l. LL~ ::m1lJ LoIJ "tl~ fl~ tl']n lJ O1wm lY1'Y11']'Yl t] lY!] 'YllJ m n tlt.l. t.I. t.I. ~ tllJ ~'Yl Lfl [JL"t.l.tll1 

Sr-III U1';)::LUt.l.lm,]"i'1,]LLlJlJ base-centered orthorhombic LL~::~ltlO1~Lil~ViEl ') nlJLLlJlJ p
... .1..1

tin (Ahuja, B. Johansson, and O. Eriksson, 1998) LLtl::m1lJ~t.l.011Lu~ [Jt.I.~rnt.l.::,;)ln bcc

Sr-1I1 ,;)ln011~1"1ru.~tl 40 GPa ~,]~hd[J,]1~"tl~flitl,]nlJ~~m1'Yl~~tl,]~ 26 GPa mnun 

t.l.tln,;)lnif m,)[J[J']VilJ,;)ln011~lt.1.1ru.l1 Sr-Ill LLfl:: Sr-IV ,rt.l.1~L"n[J11t.1.L:a']Vi5']']lt.1.Lfi[JlJ
'II 

nlJ Sr-V t!t.l.VllJ1 [Jfll1lJl1 t11 ~tl m1ti1t.1.1 ru.n n~tl,] ~t.I.,;)::l'ht.l.1 [Jl1~mtlt.l.L fimJ,;)::~tl,]
'II 

http:m,)[J[J']VilJ,;)ln011~lt.1.1ru.l1
http:m']"11,]t.l.l1
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LU~[J'U.ffn1'U.::LiJ'U. Sr-V Lt'I[J L~[JL~l11tl.J~l'U. Sr-III LLt'I:: Sr-IV (A. Phusittrakool, 2008) ~.Jfl1 
'(hU1[Jd1~fftl~fltrtl.JrllJ t-It'I m1l'l~t'I tl.J 

'U.tlmnnU ffm8'U.LYi[J3J£J.Jiifl113Jli1ff'U.h5'U.,) Dmnn tl~l.JLi'U. ffmtl'U.LYi[J3J~ 
, ..J 

ff3JU01L:n.Jnt'l (mechanical properties) LLt'I::n11i'U.l'lLLUt'lnU1::'VIt'l1~ (anomalous 

anharmonicity) (V.G. Vaks and A.Y.Trefilov, 1988, V.G. Vaks et aI., 1991, Y. Xie et aI., 
fl ~. y ..;. .J... a.J'.d ~..;. .J'

2007, Y. Xie et aI., 2008) n11LlJ'U.mJ,l,1[J.J[J1~l'lL'lJ3JLL'lJ.J'lJ'U.L3J8fl113J~'U.LYl3J'lJ'U. (S. 

Mizobata et aI., 2007) Ldtl113JnlJ8.Jr1fl113J1~'h ~t'lm1fl1'U.1ru.Vlt'l1[J8~1.JET.JL~ff8~fltr8.J
'II 

nlJ ~t'I m1l'l~t'l8.J l'111~\ n~fl1 n13J'VI18L,ll'l [J1'U.m1i~[Jl1 ff3JlJ1iL:n.J nt'l'lJ 8.Jffm8'U.L Yi [J3J 81~~ 
'1 . I..J • 1 1 ... 1... .... t: .r , fl.... • Y ..;.

ff1'U. 'U.m1LlJt'I[J'U.LLlJt'I.J'r11.J fI1.Jff11.J[11[J IlIfl113J~'U.ff.J l'l.J'U. LYl11::11n11LlJ'U.mJ,l,1[J.J[J1~
'II 

Ln~~ln iJ'U.mn1[J11::'VI11.J~ L~ nm8'U.nlJ1yj'U.8'U. (electron-phonon interaction) d.Jfl113JLiJ'U. 

i1ll1rJ.J [J1~ Li 3J LLiJ .J1f'U.L l'i11~ iJ'U.mn1[J11::'VI11.J aL~n mtl'U.nlJ1yj 'U.tl'U.n d.J LL iJ.J LL 1.J1f'U.Ll'i1~'U. 

1yj'U.8'U.~.JL 11 'U.fl1 emi3J'lJ tl.J n11i'U.'lJ tl.Jlff~~'U.L;m.J L[J.J L~[Jm.JnlJ ff3JU~ L:n.J n t'I'lJ 8.Jlff~~'U. 

.... t: d.. 1... ,J \'I .... ....~ -

, 
fl". 1 ..J..... .J 1'" -

,
'" 

~.J 'U. 'U.~.J 3J L'Yl1ll 'VI L"1f tl Lm1 ffJJ lJ~ L"1f.J n t'I tl1~ LlJ'U.8.JfllJ1:: n 8lJ'r1 ff1f1 llJ'r1ff1 m10 "1ftllilJ1 [J'VI1tl , .. 
L~JJ L~JJ~.J~.J1'U.l'l r]lYDl 'U.8~1lI1~ff1m1o1 'lftlD-1J1 [J ~t'ln11l'l~t'I tl.JLI11l'hhr0~mr'U.hl1L11 

tl1-':) r1'U. YllJ'VI ~n n11V11 tl tl.J r1fl11 JJll 'VI ~ L~ [J 1 n lJ Yl r] ~ n11JJ'lJ tl.J ffm 8m Yi [J 1.1 WI [J 1111ff [111::
'II 

1'U.LL1.JLI11, 

2. ~1'U.'lJ tl.J'VI ~nnT~'lJ tl.JtHllYD VI.J n-n'U."t'lfl113J'VI U1 LL li'U. 
:':I~""- ...d 
Y'l ffnffLLt'I::ff3JlJ III 'r11.J ~ rnVI Yl t'lf11 ffmtl'U. ') 

3. ~1'U.'lJ tl.J ~t'lm1fl1'U.1ru.LLt'I::m1Ll.J1[JlJLYi [JlJlllJ~t'lm1'r1~t'I tl.J 

http:yj'U.8'U.~.JL


, ~ 

U1Ht Lf1 Lrl M;:~lA.'tI.lA. 1W ~l fH1.t'IU l '11. L~t.LU'tI.tl'(Ht rt rt'tlrl ~ rTH'~Lt.1 'tl LIM1Fl U 11t.LU'tI.t '11. 'tI.1'~ .... 
, 

F' I 0 F" I· po ,f" J.;.... :::: 

rlH'tI.rt'tl.Ll'l't.11;:~11 L~l1 'lUl'tl.L~l'Gt.~11'GfT.MLL1.!llA.~;:t.rT l'GfT.1'11't1.tl'lA. ~UL~lA.'lUl'tl.L~t.LU " 0 p w _ I" I ~ _ OF' 0 

'tI.tW Lrl Mt.lA. rt Lt. 1 G rt1 ;:LMm rllhl U Lrtl'LfT.'tI.G ~Ll4m rI rt'tl.'11. (, l't.ll>'tl.!lll1.tt.LU rll~Ll4m rI U11 t.LU _,., P .... I ha" "'" ~ ..r P'~ .... h."", 

(' . '1.J, t ···E.t 'Z.t 'YJ) ,Its = C' "'1..t ~ .•. £..t 'Z..t , "t..t)¢Jj 

'tI.1'~ '11. Gt.ll> U~1Grl L~14f1 f1;:t.l'G fT.'tI.~ ~'tI.l1.U l'M ..r ""'" ~ -p _ ~ ,L.;,W 
, 

'tI.1J1 WIG ll>L~LI4t.LUrl ~l 'tI.J:rlL~l;1lJ ll>,!-l'G fT.t.LU rt~'tI.1J1'tI.~Lt.11'G fT.'tI.~l'~rt~'tI.G l~t.LUrt~ 

f11 G ~~LU G1'11. tl'~ lL~U~1;:~;:~" m~L~rtLW!: l'~rt G lh;:G l'G fT.}ll>~ L~~M 

,l!rl~~'tI.Ll''tI.t 'tI.~1'~ 'tI.G'tI.tAlf1~'tI.Gt.ll>U~1~l'L~I4;:t.Lf1~~t.ll>'tI.2l'LU.'tI.Lt"lrllhl (Looe; '"IB lS 

BlBqOZ!V'J OS) 'tI.~ULrt~ rl ~~1 lUf1~Lrl~~t.ll>'tI.2 !:'tI.Gt.ll>U~1 ~ L~'tI.~1J1.t1'~~11 ~lf11'~Lt1.l~l'G~~lA. 
n. 

t.LU 'tI.~1'~'tI.~rtLl~G~1 G~LttlA.f1't1.U-1lL~U~Wl'LrG 'tI.~rtrl~1'tI.Gt.ll>~f1j.I4L~~11 ~1't1.~Uf111 

rt G ll>;:G l'G fT.t.ll>~L~~M'IU l 'tI.L~;:~11't1.Gt.ll>U ~1 G f1f1;:t. 'IU l 'tI.L~ Ut.Lrt L~Lt. 1 G ~'t1.'11. rl ~1 rt Gll>;:G l'G fl. " 0 '" _ 0 ,., 7 
n. 

l141'tI.G ~~1t.LU 1'~.}f1j.ft1;:~'tI.Gt.ll> U~1 ~ f11l~;:lLL1~'t1.t '11.~l'~ Lyt1'tI.~11 rl L~I4;:HLG G~14'tI.~l;1 
, , 

rlL~14'tI.lArlL~ 14'tI.Gt.ll>U ~1 ~L~UU Lrt ~lrt ~rtG ll>;:G G~~U~t:1l'LlA.~t1lhl41 ,l!lA.f1l'G fT.rl Ll\~~'tI.l~ l'~ 
n. , 


l'lA.;:W'tI.~l'U~Mrt' l' ;:~;:~U~U~1rtlGt.l4rtGlh;:Gl'GfT.t.ll>~L~~MUL~'tI.Ll'l'~M 'tI.ULWG'tI. 

7 P 'LtilA ~ p ~ -,.r' 

(A5JSUS U0!lBISJJO::J 

-S5UBLpXS) .1l'tl.lArt~I4~-'tI.rl~f11U~11't1.Ll'l'~M L~'tI.~ (, rtlt.,l!.!t1t.LU(jULt.f1UL~Lrt~'tI.Ll'l'~MUrl~1 

~ugt:1U11. ~1 (, rl L~rt~'tI.G l~t.LUrt~rll~l'G ~ L~Ut.LrtL~ftWf1f111U~t11't.11;:~11,l!.!t1t.LU(jULt.f11'~ 

rll~~G (Sldl::Juud uOlsnl::Jxs IInBd) ~LM1 l'G fT.'tI.U~Ut.LU U~I4UL~l'G'tI.1ll>U~ l'LlA.U~t1l't.11rt;:~;:~" .... I .... • • F" ""'" F" _ P --_ F" 

~1't1.~~f1~~Ut.LrtL~;:~'tI.Gt.ll>U~1~ 'tI.~1'~ D 'tI.11~~;:~11 (SSP!llBd IB::J!lUep!) l~Ut,.,'tI.~'tI.G~141 
, , 

~~LL1't1.G'tI.1J1'tI.Gt.ll> U~1~ ~~t.VLr G l'G1'tI.~U~t1 ~'tI.Gt.lhU~1 ~l'G fT.JJ U~'tI.Ll'l'~MG ~rl Ll\~~J1.~M 

rtG ll>;:G l'G fT.~rl ~~1l'tI.f1U'tI.Gt.~ U~1Gl'Lll4;:t. (IB!lUSlOd eA!pBJllB qwolno:)) f1rt G ~~f1f111 ~~l'~ P' -_ ~ -I "p 
JJ U~'tI.Ll'l'~ Mrl Lf1~Gl'G~ ~J1.~M 'tI.Gt.ll>U ~1 ~l'G fT.J1. ~ ~'tI.Ll'l'~Mrl Lf1~GUt.11J1.~Mrl ~l rt Gll>;:G l'G fT. 

~rl ~~1lUl'G fT.1'')1.1411 L~UGf1}G ll>1 ~l1't1.1J1 IN ;:~" 'tI.Gt.ll>U ~1 ~l'G fl.1'')1.14 11 L~UG f1}G ll>ml1't1.1J1 

1..[ ~rl~~1lUl'GfT.rtGlh;:GfT.~1'tI.1J1 Z 'tI.Gt.ll>U~1~l'GfT.~;:t.f1L~G~ a 'tI.Gt.ll>U~1~l'GfT.~lrtG~ m 

I
'./J 11 1


I'.t.-1.1, :Il lIN -1..t1 :i J :IIU.l_
 .. -+ -.,Li --J.I 
ZU . I "zqiZ ... "i:J-";
(UB!UOll!WBH) 'tI.rl~1lA.l~~~11t.LUrt~1'~ rt~'tI.GwgHlJlA.rl~l.nrlLf1~Gut.LrtL~ 

'tI.Gt.ll> U~1 ~l'G fT.rtUU ~lJ Mrl ~l '11.~~~,!-l'G fT.~ U~1 rtlG~l4rt Gll>;:G'tI.t~ G~'tI.G t.ll> U~1 ~f1~;:t.1'~ f11 
, ( ,

U~l'~'t1.'11.'tI.lA.'11.' ~LL1~~f1~;:t.LlL~l'l[, 1.3 '11. 'tI.f1f1;:t.l'G fl.~LL1~~f1~;:t.'11.' rtUUll>lJMUL~Lrt'tl.G lA.;:~;:~ P ';?.f"F" I" _ lOp -;:: _ I" -.... 

LrtU GG 1'~~11,l!'11.')1. 1ml~~~,!-~ (, l'L!h~llrt~L~G~1~ U~t:1U11. ~Ul1.l'Lf1 (, ULrt'tl.')1.11 L'tI.I4~l[,L"y;:~" 

l~1411'Gfl. 1'~111'Gfl. \J11~1 'tI.~ (JellBW pesuepuo::J) 'tI.')1.1ml~~~,!-L~Url~1~f1f1;:t.'tI.t 

"""""L""L1.rtLt~t;!,tt""~Jlt'.ktg.fitllu. Z ~U.f1 

O~ 

http:tI.Gt.ll
http:fl.1'')1.14
http:fT.1'')1.14
http:tI.f1U'tI.Gt
http:LL1't1.G'tI.1J1'tI.Gt.ll
http:fT.'tI.U~Ut.LU
http:1'~.}f1j.ft1;:~'tI.Gt.ll
http:l't.ll>'tl.!lll1.tt.LU
http:UL~lA.'lUl'tl.L~t.LU
http:lUl'tl.L~l'Gt.~11'GfT.MLL1.!llA.~;:t.rT
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fnJ n11LL rlij fl t 11 L itEJUm-1 'J L11n1l iJ-1 fnJn11d1UL:n-1'r'l ~-1~lU~-1 LUUfi1 ';)1-1 LL fl::l~Li,;)l nn11 

'" .J':'I.~" '" 'A' " d , .J' 
l1~fl iJ-1 LLfl::'r'lfl-1-11l1.l1.LuUYi-1 n"liWlJ iJ-1m1 mm1 LL U WlJ iJ-1 1) Lfl nmiJU 'lJ'-1m111~l-t1LLUUUiJ1';)';):: 

LiJu~-1niwlJ iJ-1~lLL~U-1~nYi~rt-1 ,xnf1 rumn~~fL1EJn~-1niwlJ iJ-1~-1n-nwh "~-1niu,xfl" 
(functional) Ylrl1,.B d~-1ii~m1EJnl1 "l1q1'1B~-1 niu,xfl'lJ iJ-1m111~U1 LL UU ('lJ iJ-1~ L~ nmiJl1.)" 

(density functional theory) t~EJ~1In11~U~lW.lJiJ-1l1q1'1~d~iJ 

E~t] = T[n] + Urn] + fVoxt(r)n(r)dr 

t~EJ nCr) LiJu~-1niu~1::l!m111~l-t1LLUU'lJiJ-1~L~n~1iJU~~lLmu"r 1ii1"'J E[n] ~iJ 
'r'l~-1-11U1111'lJ iJ-11::lJlJ~f:l1 EJ~ L~nmiJULLfl::LiJu~-1 niu,xfl'lJ 1)-1m111~U1LLUU'lJ iJ" ~ L~nmiJU 

T['1l] ~iJ'r'l~""lu';)mh111'lJiJ"1::lJlJ U[n] LUUY'l~""1l1.imhf"~!I~~inm::lJlJ>hJl1,;)::1I1 
,;)lnLL1-1 ~ ~m::~11"L~~1~ L~nmiJU~1iJ 1I1,;)lnLL1-1 ~~n111"~n @i V i(.~t (r) LiJuin tf 
rn EJUiJn 1iLrl iJ1::lJlJ iJ~rn EJ 1i~U111L~Yh~1iJ~l-t111 LL!lm~ nrnEJUiJn 

d 	 1"".J 
'II 

.01"'.1 .. ,,,,, .t '" .. ..
l'r'l iJ ~ m U1111111 Lu'lJ iJ-1l1 q 1'1!J iJ EJ1""li~ L ';)U1I1 n'lJ U L 11 ';)::~ ~ n -111 [J fl:: L iJ EJ ~'lJ iJ -1 'r'l,;)U 

1ii1-1 'J 1U~1I n11d~nffnL~n,xiJ EJ U1::n11LL1n n11::lJ lJ~L~ nli11iJuiJilJ1 EJLi~h EJ ~-1 niuf1 ~u 
",,((r) m111~l-t1LLUU nCr) ~lLi,;)ln 

n(r) =LVJ;(rlr./J((r) =LilP[(r)12 

l 	 l 
"" .. .,I A""" .. 1 .1 .~ .. "" d..,., "" .J' 
n~1I1 'r'l';)Ul1 iJ lilJ1 EJ 'r'l fl-1"lU,;)flU,;)::L'lJ EJ U U1 u'lJ iJ-1Yi-1 n"liUf1 flU L~~ ·m 

'II 

Exc [n] = fn(r)e"c (n)dr 

t~	 EJ ii~-1 n-nu e xc: (11.) LiJuY'l ~"-11ULLfl nLU~ [JU-~~ ff1liunlii iJ ~ L~nm iJU~ rt-1iil1 m111 

' 0 "" • 1.,1 "" "" .. "" .., 0 .J1 til • 1.t
LL1IUEJ1'lJ iJ"'r'l fl"-11ULLfl n L u fl EJU-~~ ~1I'r'l Uli';)::'lJU nlJf111 11 fl ::Lt)[J~ LL!lUEJ111 "li LUn11 u1::111 ill 

.E xc: (11.) ~-11utJ,;)~Duii LLlJlJ~lfl iJ"1iL~ iJn1i1l1nm EJ 
d .. ~ .r.,., "" ..,., .JA "" d 

L1I iJ L111111'r'l,;)Ul1-1~ 11 ~UL'lJ1~1 EJ nu L 11,;):: L~~1I n1111 iJ lilJ1 EJ 'r'l fl-1-11U1111'lJ iJ-11::lJlJ'lJ'-1 

LiJ U ~-1 n-nuUfl'lJ iJ-1 m1lJ~U1LLU U'lJ iJ-1 ~ L~ nl1l1l1 U LLfl::,;)l n~ ~n n11~111::lJ lJ,;)::L~ l1n 11 cl1 U 
'II 

~1l11::~ii'r'l~""lU~1~ ~~ Vl1 nL11 yil n11~lfi1~1 ~~'lJ 11"~1I n11Y'l~-1"lUd L 11 n';)::Li,hlilulJ, 	 , 
Yl'uYi LLfl::LLf1 fl~ ~R'lJ 11-1 n11LLU1trU (calculus of variation) L 11Y'llJl1'r'l ~-1-11u';)::iifi1~1~~n 
Iiimrll1 ~"niUf1~uLiJuLum1l ~1In11d 
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, liZ ' . 1 
['Zm t7Z + V~fr (r)ajJ(r) = C(tPf (i) 

hw V~ff (r) dJUfln rf~ Liimlnr.J~1111l1tl.J«n rf~~ [)l1U Vc «nrf,nn~t.J.JluLL~nLU~£m-
G...- .... ~rT Q..; ~ V. .r... ., 1 ~4.... :::. ~ 

~'VI~l1~Uli V;H: LL~:::f'lntJllltJUtlm:::uu ' fr,xt ~l1m1Ull'V1Ulm n~LfltJ.JnU~l1mWl.J~U 

2.nn LL~fI111J'VI m tJm.JYJ~n ~~I.JnUll1n L~11:::dJu~l1m1~1'V11U~ L~nmtlu'VItt.Ji'1 LfI~ tlU~ 

lu«nrf!T.Jr.J~ V~rf (r) Lyh,xu m1LLn~l1m1LLuuit~I'V11U~L~nmtlu'VItt.Ji1JltJwhm1LLn 
o .... Q ~ ..... .J ..t.s 1 

~l1m1~1'V11U1:::UU'VI~I£1m~nm[)Umn') r.JY1L~Utl~1Jm1Ufltl flULL~:::"l5111 (W. Kohn and 
" d ... ...r. 1

L. Sham) L1TiJ.JL1[Jn~l1m1U11 ~1Jm111tl.J flU-"l5111 (Kohn-Sham equation) LL~:::L1[Jn 

.~ ..... ... .r..._ 1 
'Y'j.Jn"l5UfI~WiJln~1Jm1U11 tltl1UYl[)~1I[).J flU-"l5111 (Kohn-Sham orbital) 

L~ m 11Yl11U,h<i1 [)UlI [).J~l1m11f1u-"l511JLLtf'1 L11~11111nfilU1 rn.~~.J.J1U 1f11.J~fl.J 
LLC1U~~.J.J1U (energy band structure) LL~:::m1m:::,n[Ji'1l1fl.JU1:::";) (charge distribution), 
lI[).J~L~nm[)UL~ LL~:::L11~lm1nfilU1rn.~.Jni'uLLU.J~1U (partition function) L~";)ln~l1m1 

Z = Lrllt(r)r/JC(r)e k~r 
l 

d .~ ..... .r.1 VI. I' "",<>.J :':1- .. - A fl ., .r ...
'1l.J'Y'j.Jn"l5UUJ..l.l LlJ~~l1U<i1tlU') m.Jn~n~~n~LL~:::~rn.'VI~~f'll~<i11 ~ U[)n";)lnU L11[J.J~lm1n 

o ,J '"1 o ..... ,J d1 ::: ..cl
fI1U1 rn.LL1..1 Yl fl:::~ tlll 'VI1fl 1JL~ n ~ m:::Yll~ [) nUL U[).J";)ln m1Yl [):::~ [)11 'VI1fl 11 L~n ~UUll1:::UU, , 
~iL ff nmflUfl ~ ~1 [J 1~ tJ fllU'1 rn.LL1.J1:::w'lI.J tl:::~ tl1J'VI1tl111 L~ ~ ~ LL~ :::fI1111 LYlUL~";)1 nYl r] M~U Yl . 

.. .. VI •• I ..
lItl.J Lv~~muu- LnULLllU (Hellmann Feynman theorem) 

Fr = - (l/J afl w)· 
. ORr 

• '" 1 .r .1 VI. 11 ., 0 1 " d,J ,J1~!JLL1..11:::'VI 11..1 tl:::~ tlll'V11tl 1JL~ n ~ U~I1111n J..l.l LlJ "l5f11U1 rn. m.J~11.J ~~ n Yl L'VI m :::~11 Yl ~~ , , 
(optimized structures) LL~:::ttlLUfllU1 rn.~l1U~m.J~ ~f'I1~~f~u ') 11 tl.J tl:::~ tlll'V11tl111 L~ n~ . , 
tl£hWliu ,hh~t~lItl.JfI1111~~'VIciu (Bulk modulus) fllf1.J~lItl.JfI1111~~'VI£lu (elastic", , 
constants) fllf11111 ~1I tl.J1 vJUtlU (phonon frequencies) 1111LU n.J1f11.J ~fl.Jm1kulI tl.J1vJ 

UtlU (phonon dispersion curve) ~1[J 
A ... .r __ ... VI~" A 0 ,J"".11.4..111.41";) £11.4 m';) [J L~ L'lfLYlflUflm1f11U1 rn.Yl L 1£1n11 "projector augmented wave" 

" 
(PAW) ";)lnlu1LLm1JL;.J~Iru.'lfrf~tl VASP 4.6 (G. Kresse and J. Hafner. 1993) 1~[JL~1u 

ml11'h 11 ~ tll 'VIL'lf1 U 1 LL n 111 LL ~:::Yl1~ [Jl n1f1 tl1J ~1 L~ tlf";)1 n Yi 111 ~[Jl~~ , fI'1U LL li 1.411 tl.J 

f'I1~ml";)11rf Rajeev Ahuja ";)lnll'V11iYl[J1 t!JLL"';.J L~ tl.JtlU'1l1~1 (Uppsala university), 
U1:::LYlf'l~lL~U 

L~tlfl1111 ~l1U1rn L11";):::n~11n.J11[J ~:::L5[J~m.JLYlflUfllItl.Jm1fl1U1 rn.~ tli.J LlIU 1~ [J
" 

~.Jni'u«nrfLLuu PAW (P.E. Blochl. 1994. G. Kresse. and J. Joubert. 1999) ";):::nl'V1u~li 

~L~nm[)uluLLnu~t.J.J1U 4s 4p 5s LtJU'SL~nmtlU'ffuutln~~ (valence states) LL~:::1f'1nlltl.J, 

http:L5[J~m.JL
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~Vi ~iJl'~'u,u L 111 iYl,Jn'llmtfl LLlJlJ generalized-gradient approximation (GGA) (Perdew and 

Wang, 1991) lu,n11ElUlJ1tJ fflVi1lJ'Vn11iJLIilElf~u,G"J lu,n11fhmrnl~LLri fll energy cutoff 

o 'II ",.,J '" 1 d -.. 1......
n1ViWil Lll'1 500 eV n11LflElnIJ<il U, irreducible Brillouin zone LY-Wn11ElU,l'1Ln"i1il 'J)'11l, 
Monkhorst-Pack scheme t<ilm~Eln 195 ,;)<ilfflVi1lJtm,J~11,JLLlJlJ fcc LLfl:; bcc 168 ';)<il, , 
fflVi1lJ Sr-III LLfl:; 60 ';)<ilff1Vi1lJ Sr-IV LLfl:; 81 ';)<ilfflVi1lJ Sr-V, , 

.. t ",.,J ~ ~ - ~iJ
fnltJL~[W1'lJEl,J m,J~11,J1'1~ml:;fnltJ<ilU,~,JU,U,,;):;l"I,;)11rnlvl n LElU,l'1fl (enthalpy)

'II 

~fnltJ~u,l<il ') t<il tJ ~rnu,:;~L~n tJ1~~<il';):;~ LElU,l1fltJ~l~<il n11fll'U.l rn';):; 1 i fllW n<ill"li,J,J1U,, , 
nmJ'1mmElVl,J,xEltJ 10 wn<il mitJ~El,J\l1'J)'<il'lJEl,JwnVldtJ1fllu,lrn~tJn11~rnu,:; (equation

'II , 

of states, EOS) t<iltJli~tJn11'lJEl,J Birch-Murnaghan (F. Birch, 1947) 

E(V) 
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d .. ",
UYIYI 3 ~~nT'iT,HJ 

1 UlJ'r1U 0')EJ';):n~11ii~~HlnTHhu1 {Wih~ ') 'lHl~hVt:,Hl"HmLfi mJ111EJ1~fI111Jiu 
· "/1 '" ...,,/ , ... ~..1 1 1..I.."R>l 1~EJmU1rn'r1 m~R11~~Hln'r1LL~nm~nUVtfllEJLLlJlJ 'r1~'r1WlJ Un11'r1~flEl~LLfl:11 L1JWlJ U 

" ..I • <t.,.., "'.~ •I..... ... !'I ..I , 1 "' .. 
n11'r1~fl El~ L1J Elm U1 rnLR1';) LLfl1 L 11 L~ Til n11Lu1EJlJ L'r1 EJlJLElUl1fl u L W El1:lJ11 m~ R11~ ~fln 

1 .. ..,,/,,/ ... ,,/. .1 , .. 1 ",..I.
• 

'" 
~1JfI111J L~n EJ1'r1~~'r1fl111J ~U'r1 n1Vt U~ u11n!l111J1J1>l m~R11~'r1 ~fl n1WnU1 rnREl~f1fl El~ 

nlJ ~fln11'r1~fl El~ LL~fi rnm~ Rfl>l~n~lU1 UVt~~~ ~fln11~lU1 rnLll REl~f1 ~El~nlJ ~fln11 

'r1~flEl~ ~l')EJhi'LL~~~1iLV;whwflf11 ~~f'lJEl~El:~El1J Ell';)ii~fl~Elfl111J LRfi[l1'lJEl~1m~Rfl~ 
" 

~~n 1~[lL~~lU1rnR1JU~n11iu 1~uElu LLfl:~lu1rn~1f1~~fl111J[j~VtUU ~~~fln1'Hhu1rn• 
LVt~l~~LLR~~1iLV;U'hlm~Rfl~ ~~n~iiLElUyjfltJ~l R~~UEll,;)hiLRii [l1lUL~~W flf11R~ffihi'• 
d 1..¥ ",..r iJ 1"'.. .., , ., , • ... 
'lf~ ~fl ULlJ El~~UUL ~'r11~ 'Vt L11 El 1ilJl [lfl111J L1J REl~f1 fl El~1:'Vt11~ ~fln11mU1 rnW~~~lULLfl: 

~fln11'r1~flEl~Li~EllU 

,;)ln~Lin~11LlLL~11u1JmhhRG11ElULii[l1J~ ~lilJn11LU~£Ju.1m~~~ nm1Jf1111Jiu 

_..I . 

'Yn"'Ylrp:t!)1lu'l LLfI::~flnTl'Yl~fl1l" (A. Phuslttrakool, et aI., 2008) 


Phase Pressure Lattice parameters (A) 

(GPa) A b c 

fcc 0 6.010 

0 6 .086 

0 6 .076 

0 6052 

bcc 0.42 4 .378 

0.42 4 .434 

0.42 4 .378 

Bo 

(Mbar) 

0.117 

0.110 

0.115 

0.125 

0.116 

0.112 

0.088 

0.117 

Theo. this work 


Exp. (Donohue, 1974) 


Exp. (Pearson, 1967) 


Theo. (Jona and Marcus, 2006) 


Exp. (Smithells, Handbook, 1992) 


Theo. (Pollack et aI. , 1996) 


Theo. this work 


Exp. (McWahn and Jayaraman, 1963) 


Theo. (Jona and Marcus, 2006) 


Exp. (T = 930 K) (Mizuki and Stassis, 


1985) 


Theo. (Pollack at aI., 1996) 
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~1,r£1L~Yhn·Hu1~U.l1r~'lJD~~Iil·H)lI.LYimJ1l1.~mll.:: fcc LL~:: bee nDlI. LYn1d1~D~ 
'II 

.r" ",d .., ... ~I I'" ~.r~ d • I_ .r=I I ~ d _.cIII 

~mll.::lI.lI ~l'Im~n n LlJlI.D £11~1il 'Yl~lI.m~mlJ"i£1lJ L 'Yl £1lJ LL~::'Yl1il ~DlJfl1111l1.1 L "lI'Dtl tl'lJ tl~11m1"i 
'II 

'Y11~mll~n llil £1n1"i~1l1.1 ru,1i~~11 lm~~f1~ LLlJlJ fcc dJlI.lm~~f1~~ L~ti £1"i111 £11~tl ru,~flij
:.J ~ 'II 

LL~::fl1111ill.u"in~ LL~::~::LU~£1lI.LtJlI.lm~~f1~LLlJlJ bee L~mn111ill.~~;fll.LtJlI. 1 GPa ~~ 
'II 

~DlilfHfD~nlJ~1l1.'Y11~'Yl 'lbtfi~lI. ') LL~::~Dlilfl~D~nlJ ~~ n1"i'YlIil~ D~ llil mu~1::~1~1"i1ijLIil tlf 
'lJD~lm~~~n~ijm"i~nbt1nll.mLL~1LtJlI.mh~~LL~::1inll.Dci1~LL~'f~~1£1 (D. B. McWhan 

and A . Jayaraman, 1963, J. Donohue, 1974, W. B. Pearson, 1967) ~~m"i~1l1.1ru, 
.1" ..... • ..,j, Yln..,j.,t ... 

LlJ"i£1lJ L'Yl £1lJnlJ ~~m"imll.1ru,'Yl ~1l1.mLL~::~~m"i'Yl~~ D~LL~~~ n lI.m"i1~'Yl 1 lI.Dn~1 nll.£1~ 

L~fl1l1.1ru,~1 bulk modulus ~lJl1fi1'lJD~ fcc 1n~nlJ'lJD~n1"i'Yl~~D~mn LL'ilfi1'lJD~ bee 

fiDlI.,y1~LLliln'il1~ LL'ilD1~LtJlI.L~"i1::m"i'Yl~~D~1l1. bee Yi1~Dru,~flij~~~ 930 LfI~ll1. (J . 
~ 'II 'II 

Mizuki and C. Stassis, 1985, l. Pollack, et.al., 1996) m"i'Yl~~DlJU Yi~11i~,rmrll.hl1
'II 

i~~1,nlI.m"ifl1l1.1 ru,ijfl1111lb L ~DnD~~ 
'II 

~1mfll. ~,r£1L~fl1l1.1ru,~mr~'lJD~ Sr-III LL~:: Sr-IV l~£1J~~D~lm~~f1~ij~nbtru,::i~
'II 

..,j 
"iU'Yl 1 
'II 

~l.J~ 1 tm'llrh;l~~n"lJll.:l Sr-III LLfl:: Sr-IV flnnfl3J~1l1111LL'V\".:I"lJll.:lll::I1lEllJ 
....--- " 

R.:I nl"ll::l1llllJ UR~.:IW"1i::RlJ lJ~ LLfl::~::1J1 [J~l.J fllllJ LYl1l1'If~m~1~~1 [J
" 

LL'1ltl1'ill~ijml3J'V\3J1Um.:lYJRn;t~ ') (A. Phusittrakool, at aI., 2008) 

L~ L1£1nlm~~f1~~Lii£11LtJlI.L';r1U1l1. (host) LL~::D::IilDlI~LL~~LtJlI.LL'lJn (guest) LL~::L1£1n 

lm~~f1~J~~1I~11LtJlI. lm~~f1~ LL"lln-L-;l1U1l1. (guest-host structure) lI.Dm1nU lm~~f1~ 
.,t... .. d:- YI ':'1 ... , ..,j:'I'" , .. d ,
lI.£1~ 11fl1111 L~ D11~1 LlI LlJ lI.~~ ~1l1. 'Yl LlJlI.L~'lJ ~~1il1 (incommensurate) "i::~11~L'lf~ ~~lI.~~ lI.1 £1 

'lJD~D::IilDlI~Lii£11nlJ~LL~~mllLLlI.1LLnll. c (~n~~Lu1l1.mt1m::mbt) ~1£1 1l1."iU~ 2 L"i1rJ~L~ 
'II 

LL~~~ ~~ m"i~1l1.1 ru,m"im::~1 £1i1'lJ D~aL~nlil"iDlI.1l1.1m~ ~f1~U1l1.lfifl ij~111 ij~~1 £1 
'II 

http:L~nlil"iDlI.1l1.1m
http:mll.::lI.lI
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elu.iu n~lJl crs'][JLi111m1,hm ru~lJm1~mu.::"lJ Eh'J hV\::~m£)u.L ii [JlJ~~tm..'J~fl..'J
" 

, ..,." •• 1 1 tJ .oJ .d:'1m..'J ') L~LLn fcc bee Sr-III Sr-IV LLt'l:: Sr-V mln"lJ£)..'J~lJm1~mu.::LL~~..'J U.1 l'1 3 '1I..'JLLJU. 
" 

mllJilJ~'U.lh::V\11..'J~ ~..'J..'J1U.11lJ LLt'l::tJ1m~1"lJ £)..'J1::UU ';)~~ LL~~..'Jil [Jiru~n'l!l-n1'~h..'J ') ~ £)
, v 

fil~Li,;)l nm1filu.l ruLLt'l::Liu.tfi'..'J~ £) Liu.~m,;)ln ~lJ m1~mu.::"lJ £)..'J Birch-Murnaghan 1tJi! 
" LL~~..'J1iLV;WV~~..'J..'Jlu.L~..'JLm[JULii[Jm::V\11..'Jtm..'J~fl..'J~l..'J ') t~[Jtm..'J~fl..'J~~~~..'J..'J1U.~1~~, 

.. .d 1 1 ~ f1£) fcc '1I..'J~U u.m1l'1~t'l£)..'JLLt'l:: WIl11lJ"lfl~ 

o Bee c FCC 0 Sr-1I1 • Sr-IV " Sr-V I 

E 
B 
'" 

1.5 

~ 0.5 
e' 
Q/ 

C 
uJ 

o 

-0.5 

18 20 22 24 26 28 30 32 
Vo lume/atom (A j) 

34 36 

,.u~ 3 'UJnl,.~mu:: E(J') 'IJEhltm.J~fhl~l.J '1 'IJtl.J~~·H)ULYimJ...
l~LLri fee bee Sr-III Sr-IV LL~:: Sr-V 

,;)lmrU. L11Li';b~lJm1~mu.::i!mfilu.lruL£)m1t'liJ H = E + PV i..'JLL~~..'J1mtJ 
" 

~ 4 t~[JL~£)n1iL£)u.1'1t'liJ"lJ£)..'J bee LiJU.Liu.eil..'J~..'J LLt'l::@imllJt~[J~,;)ln~mu.::~ilL£)U.l'1t'liJ
" 
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J fl .J .. .J 1 . ~ ..t .... ~ .., ... 
'1ll~~,;)::LLJU~rnu::YIL~fltl1Yl~~ UmWl1WHll.m-lU ~1';)t1 ~~113J~~'H)-l hep shep LL~:: dhep 

... "'.1 ... .... ~ ,.J .1 - ....I.,j ~..: .r T ... 
L"lJl ~LJmtl ~l';)t1yjUll Yl~lll1::LJ1n~ fee ,;)::L~fltl1Yl~~ L3JElml3J~ULyj3J"lJU ~m-l~1l-l,;):: 

~ . 
• I.J fl .J d , ..I .... ~ .,j , fl 

LLJfltlULLJULLUU bee Yl 1 GPa 'D-lm-l,;)lnm'lm1Yl~~El-lYl 3.5 GPa ~1';)tIL'1!ElllLlJULyj1l:: 
~ 

m1filUl rnL3JL~-W,;)11rnl~~"lJEl-l El rn~llij rl11i~~iiml3Jfl~l~ Lfl~ ElULllul-l 111::L~u~~l~ru , " 
..I .J..,... . I..I '" .. , 

~ 

..... ~ • 1..1 T'" ~.t 
Yl~~Yl ~~,;)lmlJYl 4 nflElL1lyjUll ~mElULYltl3J,;)::3J~1~Um1LLJ~t1U~rnU::Yll-l ~m-l~1l-l~-lU. ~ . 

fee -> bee -> hep -> Sr-V Lyj1l:: hep LL~:: Sr-V iiLElUl'1~tJ~lnll Sr-III LL~:: Sr-IV Ylnml3J, 
iu ~~5ud,rUllLLll~n1l1::~~1~mnLyj1l::~lium1Lll~t1u~rnu::di~LL£T-lnu~~m1Yl~~El-l 

, ..I .J 
L~t1m1Yl~~El-lyjum1Lll~t1u~rnu:: bee -> Sr-1I1 Yl 26 GPa LL~:: Sr-1I1 -> Sr-IV Yl 35 GPa 

~itl~-lL~-W,;)11rnlmn1dLuu~Lff~~ElLll
~ 

0.3r---.-------r-----,----,---r-----.------r-----,r=======i\ 
-bee 

0.25 -fcc 
-III 

0.2 - IV 

0 .15 -V 

-0.05 

-01 

- hep 
simple hep 

-dhep 

-0 150:----:5:----:'10=----:'15=---='20=---='25=---='30=---='35=---4-7:0=---4-7:5=------=50 
Pressure (GPa) 

"'iU~ 4 ~llUl1f'1tJ~,lLlJuYl..lniU'lJ1hlm1lJ~U H(P) = E + PV..-
~1ulm1il!Jl'l!lm..lR11..lL~1J1J fee bee Sr-III Sr-IV Sr-V hep shep dhep 

1~!JL~llmh~llul1f'1tJ'lJ1l..l bee ~iJu~RUa1..la..l 

';)lnml3JL3J~El~fl~El-l~L~';)lnm1-W';)11rnlW-lniuLElUl'1~tJ Yh1i~itl~El-l~,;)11rnl
~ 

"'. I"" - (( T '" d, ,..t fl ,.J ~ .., ...
~-l ~lJmmyj11l3JL~El1"lJEl-l ~m-l~~n"lJEl-l Sr-1I1 LL~:: Sr-IV 'D-lmL'VI~lULLJUmYl~13J11f11~ ~~ 

,;)lnm1Yl~~El-l (T. Bovornratanaraks, et. aI., 2006) 111ln!Jll~~m1filUlrnfllyjl1lijLilElf 

"lJ El-lLfl1-l ~~ n1n ~L~ t1-l nu ~~~L~,;)ln nl1Yl ~ ~ El-l LU UEl cil-l3Jl n i-l LL~~-l1U~11l-l~ 2 

.t ~ .. ... 'T '" .., , .1..1 fl T '" ..
UEln-;Jlnu t1-l3J~L~UElll ~m-l~~nLLUU bee ~3J~lm1f1LLJ~t1ULlJU~m-l~~nLLUU Sr-IV ~1El 

~ 

Sr-V L~l~t1m-l LL~El::~El3J1l1t11uLm-l~~n Ell,;)~El-lLfl~ElU~~lU~lLL~l-i-l1ULm-l~~n"lJEl-l Sr-

III rlElU (H. Katzke and P. Toledano, 2007) ,tu~mtlml3Jll Sr-III ii1EJm~di~;fu~-l LL~ 
.., ,.., ... - 1 . I ..I .. , fl .. 

~ 

d
Ell';) L3J L~Ln~ U1lJ"lJEl-l~rnU::YIL~fltl1 ~lnLL~LLJU~rnU:: "n-lL~fltl1" (metastable state) 

~ 

http:iJu~RUa1..la
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fl11lJfifIl1lJTH1tb1 tlL ihm\1.1 Y11.J1\1.nTnl~ nTH'] ~ fl El.J iii El1t.l1~ Ll"f~·1 ::llm\1.::~.J LIl~ F.J1,;)::
'IJ 

~1F.J1t.l1l1F.Jlqjm11tJm\1.tJ1.JElci1.J Elci1.JL'1i\1. m1L~lJElrn~flii fl111JLfl\1. ljfllj
• 'IJ 

~1")1"~2 LtJ1[JlJLii[JlJvn")1ih~1l{.,..mhm~f1,)'IJ1l"~~")1lULii[JlJLLlJlJ Sr-III LLtl:: Sr-IV (T. 

Bovornratanaraks, et. aI., 2006, A. Phusittrakool, et aI., 2008) 

Pressur 

e 
Lattice parameters (A) Angle Internal coordinate 

(GPa) a b c p x y z 

Sr-III 

Our 37 .9 5.464 5.464 2.975 

Exp. 34.8 5.504 5.504 2.960 

Sr-IV 

Exp. 36.8 5.842 8.324 5.553 99.0 

Our 37 .8 5.795 7.760 5.714 97 .1 

Exp. 41.7 5.746 7.801 5.537 97.1 Sr1 0.304 0.157 0.632 

Sr2 0.479 0.578 0.465 

Sr3 0.684 0.145 0.346 

Our 45.9 5.705 8.053 5.331 98.1 Sr1 0.280 0.152 0.600 

Sr2 0.489 0.565 0.481 

Sr3 0.698 0.152 0.362 

Exp. 46.4 5.650 7.780 5.359 97 .0 
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..----.,.-

.e 

.!'! ~~!O 

f~. 
:g r--ilhI----'lrh 

.. Id .J' "'" A .... If" " 
1u'Yl 5 LLffYl"tl1YltllUnl1L1HJ1LlJU1"ffLtln'l!,nnn11'YlYl fHh'l (T. Bovornratanaraks, at. aI., 2006) ('l!IU)...--- 

LLtl::'-Itl~l<1i',nnn11filu1rn (,m) TYlULiU~LLYl"~tl Sr-III ~J'L3U~tl hcp 


tm\l~f1\1LL1J1J hcp ~L€l\l.y)~tJ~lnl1 Sr-II' mn LL@i,nnn11Lm£J1JLi1£J1J~1~~1£JLi£J1L1J\l.n1J 
n11'Yl~~€l\l (111~ 5 'l11£J~El) LL~T;)::LV;\l.11 ~1~~1£J~fI11111n~L~£J\ln1Jtm\l~f1\1"lJEl\l Sr-II' 

'IJ 

mnnl1 t~£Jtm\l~f1\1 hcp €ll,;)LlJ\l.1~LLfi~rn\l.::~1\l.,xEl£J (minority phase) "lJEl\l~mEl\l.Li1£JlI 
.J CV~I~ 1 VI~.ct d I .... ..¥. "" 
'Ylfl1111 ~\l.\l.L Yl1\l. mEl\l \l.~ ~ n11'Yl ~ ~ El\l b~ aJ n1111 £J \11 \l.n\l ~rn \l.::~1 \l. \l.El £J \l.El £J1\1 n11 \I"lJ11 \I 

~ Q..;' d ..a ~ It.... ~.cI. tV .J.
(T. Bovornratanaraks, et. aI., 2006) m,;)£J';)\laJfI1111L'15El11 m\l~11\1LL1J1J hcp \l.mrn£J1l1vm 

'IJ 

,;)::LlJmh~El1J"lJ El\l ~rn\l.::~1\l.,xEl£J ~~1J1\l.n11'Yl~~ El\l El ci1\111nmll L~El\ldtT\I~El\lY11 n11ii£J 

L~aJ L~lI~n@i El111 

180 

160 

140 
----. 

-;

E 
120 

<:.) 
100'--' 

>. 
<:.) 

80c:: 
Q.) 

::I 60cr 
Q.) 
1-0 
~ 40 

20 

0 

N r H p 

http:LL~T;)::LV;\l.11
mailto:LL@i,nnn11Lm�J1JLi1�J1J~1~~1�JLi�J1L1J\l.n1J
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.d,... • 1..1 ".~.d ...
1.1.Elmnn i1 ru~lL1El\J~1~lJ"lJEl\Jm1Lu~rm~rn1.1.::LL~1 m1T1l1.1.1UL1El\Jmll1~1.1. m 'il~ 

~ , 
LU~rJ1.1.~m1.1.::fi~iEl ~~~ ~l~lIlmrlrJ l1l1i«1iULn~mll1~\JirJ'h m1~ L1lct1~m1fl'ill1rnl 

.. .., • 1 ~ , .. ::. " :'1 • 1 ..I A .., • 1 .. 
~~f'll ~m"lJ El\J El::~ Elll El El n L u~ \J LLIilY1LL 1n1.1.1.1. Ell'il Lu1.1.m1u1::m m'Ym lJllJ Ln1.1. Lu LL~::1J1\J'Yl 

~ ~f'I1~vl'f"lJ El\J El::1il Elll Ell'il~ c.J~ m mi El m1LU~ rJ1.1.LLU ~\J'Yl1\Jtm\J~fl\J"lJ El\J ~mEl1.1.LYi lJ1I1l1 rJ 1!ii' 

mll1ct11.1.~\J J\JU L~1l::L1l~~~mn1.1.'illnU1ln nm1ruill-t1D\J rJ1~'"h DL~nmEl1.1.LL~::T vJ1.1.El1.1." ~ ~ 

11.1.~mEl1.1.LYilJlI~el1.1.1il1n1lJln1.1.mn~1.1.LdElmll1i1.1.L~1I~1.1. (S . Mizobata et aI., 2007) LL~::TvJ 
1.1.El1.1.L ~ ~lUfiLtJ1.1.c.J~ ~1\Jm'illn ~ ~f'I1~lilf"lJ El\J El::1il El lilt1.1.L El\J 

........ .. .., ".~ .f "1 t " 1'" ::. J'
c.J1'illJ'il\J L~rllm1'YlIil~El\JLlJEl\JIil1.1. 1.1. m\J~1l\JLLlJlJ bee LL~:: hep 1.1.~mEl1.1.L'YlrJlI 'Yl\J1.1. 
" 

L~1l::11 nlfl'ill1rnl'illmEl1.1.'Yl...~tJLL~1 tm\J~fl\JLLlJlJ bee 'il::L~nrJ1LtJ'il1.1.n\J 25 GPa ritm~ 
'il::LU~lJ1.1.LtJ1.1.tm\Jl'ffl\JLLlJlJ hep LL~::LU~lJ1.1.LtJ1.1. Sr-V ~mll1i1.1.U1::mru 30 GPa mh\Jhfi 

~ n1lvJ m1n1::'ill rJ ct11"lJ El \J t vJ 1.1.El1.1.11.1.~m El1.1.L Yi lJ 1I ~fil ~ fl1ll1 rl LtJ 1.1.~11.1.11.1.~ 1.1.1il1l1 ~ i 1.1. 

&imlllL~ll m1"lJ UlJ"lJ El\JEl::~ El1l11.1.~n 'lYru::~l1l1imlll rl~fil LtJ1.1.~11.1.11.1.~1.1.lillll~,x1.1. 'il::l11 

1~lm\Jc.J~nL1iL~nrJ1LL~::'il::!ii'El\J~m1LU~lJ1.1.LLU~\Jtm\J~fl\J11.1. ~~Iil 1.1.ElnL ~i'tEl'illnm1i1.1.LL~1, 
LI'fnlJ11l1~'Yl1\J~11.1.fl1llJ [j~~ ci1.1.~1El n1'5~~1U LYl rJ\J L~mtEllJ fi ~111l1n LtJ1.1.iEllj\J~n\Jmlli ~ , " 
L~nrJ11l1~"lJEl\J tm\Jc.J~nl.~ 11.1. 1U~ 7 LL~~\JL~nlJ1lll~~Elm1u\J~lJ1i~mlJLYl rJ\JL~mtEllJ~llJ 

" " 
fl111l Lf11.1.LUEl 1.1.11.1.tm\J~fl\JLLlJlJ hep c.J~u1ln!Jlltm\J~fl\JLLlJlJ hep 1.1i ~ L~nlJ11l1~~Elm1 
~mu LYllJ\JL~ mtEl rJ ~1El~n,rlJ~rt\J~ El 1.1i~ L~nrJ11l1~~Elfl1ll1[j~~ci1.1.,r1.1.LEl\J" , 

/~ ::: \ 

,/ - . \'" 



nnLu,mUH'Lf1L'rl M 1m t.nLlH,LU~r'mrI1L'rl L'~nf1m~nLL'rl L.tnt~t:1 '::l I po;r I; .... P.f' _ I 0 

1\ 

nnL'~ nLnL~t.1J1.t::~11L'k1WLrl M.tU,J1.tU,mt.nL~.tLunrrm::mf(U~n'mt.nL~lLU ItL~U.t' L'Lrl(3 ~ ,.. '" ,.. ... F' 0 I; ,f" ,.. (, 0 ~ ~ I 

1\ 
rl t.~L'(3 ~UII u,::n Lllk1n rl ~ rr 1.tLUn ~It Lt.~mt.n L~L'II It t..t L'(3 ~~u,.tLU ~ t:1 f1 UH~U,L'L.tk1L'1 ~l

" "''' r-'-'" 0 P 

• 
,.. r' '" 

L'LU,L'~ f111n rl ff1 11 LU f1~L~mt.n L~(3 ~1nJ:~rl ~1::~ilt fl ~~n LL'L'.tf1 f1!f11-t L',tl ::~11 U~,tAn81 

m t.nL~.tLUUL~~t:1::~11 L'(3 ~ ~U,.tLU ~t:1 L'L~~::.tn~L'G~~~(3MfC~ftLt.~fl Lf1~G::~11 ~~L'(3 ~~U,.tLU 

ntnLL'flL.t~~Il(3,!tnt.~::nLllMIlLf1!(31-t~L(3 L'E::~" L'(3 ~~u,.tLUnt d~ll f1MfC~L'~L.t1~t~~1 L~ 

~~rlLf1~(3L~~t ll.tLltLM::L.tM1 ~t(3 MLil~f1(3 ~L~~t ::~}~ML~~ML'&1m t.nL~.tLUL~lt11 

19 

http:ll.tLltLM::L.tM
http:M.tU,J1.tU
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1J 'YI 'YI 
d 

4 G'f 'nJ• 

r7l,rE/l~ti1nT'Hhul rnlnJU~'lJ tl~tm~a-f1~ a-mu:: LLf'l::m13J~\~n11LU~ Ema-mu:: 
'II 

'lJ tl~ tw.,,::a-mtlUL y; EJ3Jvl1 EJ1::Li'i EJuiiL':a~'YItl~~ tVl EJ f11Ul rni~LL~ fl113Jiuu1n&1';)un~m13J 
iUU1::mrn 50 GPa wu-h ti1~,;)11rnl,;)lnLtlUl'1f'lU n11LU~EJua-mu::';)::ij~1ium3Jm13J 
",.J.d.¥ ..... .J' 10-.:1 t ... 
VlU'YILW3J'lJUVl~U fee -> bee -> hep -> Sr-V LL~f'll~U'YILRUtl VlEJn11'Y1Vlf'ltl.Jfltl fee -> bee -> 

Sr-III -> Sr-IV -> Sr-V tilli r7l,rElL ~EJ1l n11~,;)11rnl LtlUl'1f'lU tlcil~L~EJ1tn,;)LtlUn11f11Ul rn 

..J - "'.1 ...,. ..... ", ,,-
'II 

",tI"".. ...... ..J.Jll"...·
'YI'VIEJ1ULnU Lu r..Il,;)EJ,;)~ L~W,;)11rnlf'l.J L n~Vif'll'lla-m'lJtl~tl::~tl3JLW1l::3J'VIf'ln~lU'YI1I 'VIL'VIUll 

'II ~ 

.. .:II "'" _" "r.... 0 ........ .. 

Vi f'll'l1a-m'lJ tl.J tl::Vl tl3J3J r..If'l nlJ1::UlJtl Lf'l nmtlU r..If'l LU tl.J~mlnn1WnUl rnR3J1NI 'YIl~ W f'll'l1 a-m 

tlcil.JL-nU ml3J~hJutlu LLf'l:: filfl~~ml3J[jVl'VIElu LLRVl.JliL~ull tm~a-fl~LLUU bee LLf'l::• 
hep tll,;)L~l-ntm~a-fl~~ LRn EJ1tl cil~LLrl,;)1~ LL3Jll,;)::~ LtlUl'1f'lU~l~ RVllu-nl~ml3Jiu'VIrt~ ~~ , 
n11f11Ul rnL .:n~w f'll'l1 R~rHr';):: LlJ ULL Ul m~'VIrt~~';)::tilliL1l~ml3J L,hh h'VI::a-mtlULYi EJ~ 

3Jln~U~tlLU1UtlU1fl~ 
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